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INTRODUCTION. 


GENERAL  DISCUSSION. 


Tlie  oiitire  State  of  IVnnsylvania,  witli  the  exee])ti()n  of  a iiarrctw 
sti-i])  atoll'*’  the  Delaware  River  South  of  Trenton,  New  -lersey,  lies 
within  tlie  Northeastern  extension  of  that  gi-eat  j»hysiogra|)hic  unit  ol 
tlie  Eastern  ])art  of  the  United  States  known  as  the  Appalaeliian 
Province,  which  stretches  from  tlie  Mississijipi  low  lands  on  the  West 
to  the  Coastal  Plain  on  the  East  and  from  Alabama  on  the  South, 
Northward  to  Canada.  In  the  Northeastern  extension  of  this  province 
the  State  of  Pennsylvania  reaches  nearly  across  its  entire  width  so 
that  within  the  Keystone  State  we  liiid  typically  developed  all  the 
triple  subdivisions  which  characterize  it  elsewhere. 

The  three  grand  subdivisions  of  this  jn-ovince,  named  in  order  from 
West  to  East  are;  1.  The  Appalachian  Plateau  Division;  2.  The  Ap- 
])alacliian  Valley  Division,  and,  3.  The  Appalachian  IMountain  and 
Piedmont  Plateau  Division. 

in  the  State  of  Pennsylvania,  we  recognize  portions  of  these  three 
main  subdivisions  of  the  A])])alachian  Province,  viz. : First,  a segment 
A])palachian  Plateau,  which  extends  Westward  from  the  front  escarp- 
ment of  the  Allegheny  INIountains  and  comprises  the  Western  and 
Northern  portions  of  the  State  or  about  sixty  per  cent,  of  its  entire 
area.  The  rocks  of  the  division  are  Silurian,  Devonian  and  Carbon- 
iferous sediments  and  are  for  the  most  part  but  gently  folded.  The 
elevations  range  from  5(H)  to  2,000  feet  above  sea  level.  Second,  we 
recognize  a portion  of  the  Appalachian  Valley  division,  which  lies 
between  the  Allegheny  escari)ment  on  the  Northwest,  and  the  South 
Mountain  and  the  Durham  and  Reading  Hills  on  the  Southeast.  This 
division  is  composed  of  a series  of  parallel  valleys  extending  Northeast 
and  Southwest,  separated  by  their  corresi)onding  parallel  ridges  which 
ai-e  know  as  the  A]>palachian  Valley  Ridges.  The  Valley  Division 
in  Pennsylvania  has  a width  along  the  Southern  border  of  the  State 
of  about  75  miles  and  narrows  to  about  25  miles  on  the  Delawai-e 
River,  where  it  passes  from  Pennsylvania  into  New  Jersey  and  New 
York.  The  rocks  of  this  division  consist  of  lower  paleozoic  sediments 
for  the  most  part,  ranging  from  lower  Cambrian  to  Silurian,  and  are 
as  a rule  highly  folded  and  much  disturbed  by  numerous  faults.  The 
elevations  range  from  less  than  200  feet  along  the  Delaware  Rivei-, 
to  over  2,000  feet  at  the  summits  of  some  of  the  Valley  ridges.  In  the 
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central  part  of  the  State  the  anticlines  plunge  to  the  Northeast  and 
the  synclines  trough  out  to  the  Southwest,  forming  the  characteristic 
“Cove  topography”  of  that  portion  of  the  State.  Third,  we  distinguish 
a portion  of  the  Appalachian  Mountain  and  Piedmont  Plateau  Di- 
vision, which  lies  Southeast  of  the  ^Tllley  division  and  embraces  most 
of  the  Southeastern  corner  of  the  State.  This  division  is  clearly  de- 
marked  from  the  Valley  division  in  the  Southern  part  of  the  State 
by  the  Northeasterly  extension  of  the  Appalachian  Mountains  in 
I’ennsylvania,  known  as  the  South  Mountains,  which  are  composed 
of  altered  j)recambrian  eruptives,  and  in  the  Eastern  portion  of  the 
State  along  the  Delaware  Eiver,  by  the  Southwesterly  promontory  like 
extension  of  the  Highlands  of  New  Jersey,  which  are  composed  of 
ancient  higlily  metamorphosed  sediments  of  probable  Algonkian  age 
and  crystalline  gneisses  with  granitic  and  other  intrusives  of  probable 
Archean  age.  The  rocks  of  the  Piedmont  Plateau  division  consist  (a) 
j)rimarily  of  precambrian  gneisses  and  schists  with  numerous  granitic 
and  pegmatitic  intrusions,  (b)  The  same  early  palaeozoic  sediments 
which  form  the  floors  of  the  Southern  Valleys  of  the  Valley  division 
also  invade  the  Piedmont  division  in  the  low  lying  region  between 
South  Mountain  and  the  Durham  and  Eeading  Hills,  and  form  the 
surface  rocks  over  a large  part  of  Lancaster  County,  (c)  In  addition 
to  these  Precambrian  and  early  palaeozoic  rocks,  the  Piedmont  Di- 
vision is  traversed  from  Northeast  to  Southwest  by  a continuous  belt 
of  red  sandstones  and  shales,  the  Newark  Series,  which  has  a separate 
geologic  history,  a description  of  which  will  not  be  necessary  in  the 
present  discussion. 

LOCATION  AND  EXTENT  OF  THE  AREA  UNDER  DISCUSSION. 

The  area  which  forms  the  basis  of  the  present  discussion,  occupies 
the  central  ])ortion  of  Lehigh  and  Northampton  Counties,  in  Eastern 
Pennsylvania,  and  stretches  across  the  Delaware  Eiver  into  Warren 
County,  New  Jersey.  As  will  be  seen  from  the  accompanying  small 
map  of  the  State,  it  lies  in  the  Southern  portion  of  the  Appalachian 
A'alley  Division,  South  of  the  Kittatinny  or  Blue  Mountain  Eauge 
which  is  the  Southernmost  of  the  A^alley  Eidges  in  the  Eastern  part 
of  the  State,  and  forms  a prominent  topographic  feature  North  of  the 
area  to  be  described,  while  the  Durham  Hills  form  an  equally  sharp 
boundary  on  the  South. 

This  Southernmost  and  most  prominent  of  the  valleys  of  the  valley 
division  in  the  Southern  portion  of  the  State  is  known  as  the  Cum- 
berland A^alley.  In  the  central  portion  of  the  State,  East  of  the  Sus- 
quehanna Eiver,  it  continues  under  the  name  of  the  Lebanon  Valley. 
Across  the  Delaware  Eiver  in  New  Jersey  it  is  known  as  the  Kitta- 
tinny A^alley. 


Figure  1.  Map  showing  the  physiographic  divisions  of  Pennsylvania. 


Figure  2.  Map  showing  the  area  covered  by  this  report. 
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It  is  the  two  fold  purpose  of  this  paper  (A)  to  discuss  the  geological 
mode  of  occurrence,  preparation,  and  nses  of  the  talc  and  serpentine 
as  they  are  found  in  the  Eastern  part  of  the  State  and  ( B ) to  describe 
the  geology  of  the  region  commonly  known  as  the  Lehigh  Portland 
cement  District,  and  to  give  a brief  history  of  tlie  development  of  the 
Portland  cement  industry  in  Pennsjdvania,  together  with  a descrip- 
tion of  methods  of  manufactnre. 


GEOLOGY  OF  THE  TALC  AND  SERPENTINE  DEPOSITS. 

Inasmuch  as  the  Talc  and  serpentine  deposits  of  Eastern  Pennsyl- 
vania (and  Western  New  Jersey),  are  associated  with  the  Precam- 
brian  rocks  of  the  region,  a somewhat  general  discussion  of  the  dif- 
ferent types  of  precambrian  rocks  will  be  attempted  in  connection 
vdth  the  discussion  of  the  talc  and  serpentine  beds  proper. 

The  Precambrian  rocks  of  the  region  with  which  we  are  dealing 
constitnte  the  Southwestern  extension  of  the  Precambrian  ridges 
which  form  the  Highlands  of  New  Jersey.  Along  the  Eastern  border 
of  the  State  these  precambrian  ridges  enter  the  State  between  Sandt’s 
Eddy  on  the  North  and  Monroe  on  the  South,  having  a trend  of  abont 
Sonth  60°  W,  separated  by  intervening  valleys  of  Canibro-Ordovi- 
cian  dolomites  and  dolomitic  limestones.  In  Pennsylvania  as  pre- 
viously stated  these  precambrian  ridges  go  by  the  name  of  the  Dur- 
ham and  Beading  Hills.  They  extend  in  a Sonthwesterly  direction 
as  far  as  Beading,  where  they  disappear  beneath  the  floor  of  the 
Cnmberland  ’S'alley. 


CHARACTER  OP  THE  PRECAMBRIAN  ROCKS'  OF  THE  DURHAM  HILLS. 

No  attempt  is  here  made  to  separate  the  different  kinds  of  pre- 
cambrian rock  cartographically  or  to  describe  them  in  detail.  For 
ju-esent  purposes  the  following  general  descrii)tion  will  suffice. 

Five  kinds  of  rock  compose  the  great  mass  of  the  precambrian 
Crystallines  of  the  Durham  Hills: 

1.  Fine  grained  pinkish  to  grayish  gneiss  of  pronounced  acid  type, 
with  indistinct  foliation  planes  and  of  granitoid  appearance.  About 
three-fourths  of  the  rock  consists  of  nearly  equal  parts  of  orthoclase, 
microcline,  and  Sodaorthoclase,  the  remaining  one-fourth  being 
mostly  quartz.  The  only  dark  constituents  are  biotite  or  hornblende 
which  occur  sparingly  in  small  flakes  or  grains  scattered  through  the 
rock.  They  are  usually  much  decomposed  and  stain  the  rock  witli 
rusty  brown  spots. 
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All  analysis  of  iliis  acid  granitoid  type  of  gneiss,  gave 

75.07 

12.07 

3.07 

3.07 
5.11 

.21 

os.oo 

2.  (’oarse  to  fine  grained  dark  colored  gneiss  of  basic  tyt^e,  with 
dislinct  tolialion  planes,  consisting  largely  of  the  dark  minerals 
Jiornhlende  and  angife  in  varying  ])roj)ortions.  The  subordinate  feld- 
S])ar  is  of  I he  variefy  known  as  Lahradorite.  T^snally  (piarTz  is  ah- 
senf  hnt  if  may  a]»])ear  in  considerable  quantities. 

1 he  feldspar  or  the  hornblende  may  alter  to.ejtidote  giving  the  rock 
a yellowish  green  aj^pearance.  Analysis  of  this  basic  ty])e  of  gneiss 
gave 


Si  O3 

G3.30 

Al,  O3  j 

Fcq  ( ),,  1 

1S.S2 

Ca  0 

4.58 

:\ig  0 

3. 82 

C 0,  & HA) 

9.t58 

100.20 

.‘>.  In  the  Xorf hernmost  of  (he  precamhi-ian  ridges  e.  g.  in  Cliestnnt 
Tlill,  Noi  lh  of  Easton,  occur  beds  of  coarsely  crystalline  limestone, 
sometimes  (piite  ]»nre,  hnf  locally  rather  highly  magnesian  and  some- 
times carrying  considerable  amounts  of  intiltrated  silica.  These 
beds  of  carbonates  are  in  ])art  comjtosed  of  coarsely  grannlar  pinkish 
calcite  wifh  nnmerons  scales  of  hair-brown  mica  ( phlogopite),  light- 
green  hornblende,  oi-  light-green  ])yroxene,  or  perhaps  a colorless 
variefy  of  the  latter  mineral.  Again,  certain  of  these  carbonate  beds 
are  c()m])o.sed  of  light-grayish  or  cream-colored,  fine-grained,  dolondtic 
limostones,  with  inclnded  silicates;  or  again  many  consist  of  a 
(•(tarsely  grannlar  ]»earl-gray  dolomite.  These  rocks  are  well  shown 
at  Lower  Harmony,  N.  J.,  and  in  iMarhle  .Moniitain  one  and  one-half 
miles  Xorih  of  Phillipshnrg,  N.  J.,  also  at  various  jjoints  along  the 
Sonihern  slope  of  Chestnut  Hill,  North  of  Easton.  The  total  fhick- 
ness  of  these  dolomific  and  silicious  limestones  ranges  from  30  to  75 
feet. 


Si  O, 

AL  (>3 

Fea  fXs  JiiKi  Fe  O 
Na„  O 
K,  O 
Ti  (>3 
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The  following  is  an  analysis  of  a typieal  s|ieciiiien  of  the  coarsely 
granular  siliceous  limestones,  where  the  silica  percentage-  is  high: 

48.10 

5.0(i 

22. 4() 

.80 
22.20 


99.82 

The  following  is  an  analysis  of  the  doloniitic  variety  of  the  same 
series  : 


Silica  (SiOg), 

.28 

Alumnia  (ALOg),  I 

2.38 

Iron  (Fe,  O3),  j 

Manganese  oxide  (MnO), 

.(id 

Lime  fCaC  ), 

31 . 80 

Magnesia  (^IgO), 

19 . (i2 

Carbon  dioxide  (COg), 

45.20 

99.88 

4.  Above  this  limestone  series,  though  seitarated  somewhat  from  it 
by  dark  gneiss,  occurs  another  unusual  series  of  beds  which  consists 
of  talcose  rocks  of  light  color,  passing  into  grayish-green  chloritic 
rocks  more  or  less  slaty  in  character,  containing  pebbly  beds,  jasj)cry 
beds  of  imj)ure  hematite,  or  beds  of  very  pure  hc-matite  in  rapid  al- 
ternation. On  the  summit  of  Marble  Mountain,  X.  J.,  these  beds  have 
a thickness  of  .50  to  75  feet,  and  years  ago  were  prospected  (piite  ex- 
tensively for  iron  ore,  but  without  paying  results. 

This  hematite-bearing  series  is  followed  by  gneiss  of  the  basic 
type  just  described,  some  of  which  is  more  or  less  calcareous. 

These  two  exceptional  and  totaly  dilfereut  series.  3 and  4,  have  been 
observed  together  at  but  a single  locality,  viz.:  North  of  Easton,  l*a., 
and  Phillipsburg,  N.  .J.,  in  Chestnut  Hill  and  iMarble  ^Mountain.  They 
are  of  special  interest  for  two  reasons.  In  the  first  i)lace  they  are  of 
undoubted  sedimentary  origin,  and  secondly,  it  is  in  connection  wilh 
these  beds  that  the  Talc  and  Ser])entine  deposits  to  be  described  later, 
occur. 

5.  Intersecting  Ihese  different  kinds  of  rock  are  to  be  found  ingeous 
inti’usions  of  various  sorts,  notably  granite  and  ])egmatite,  with 
occasionally  dikes  or  bosses  of  diabase  or  diabase-like  rocks. 


Silica  (SiOo), 

Alumina  (AEt)g), 

Iron  (FeoCg), 

Lime  (CaO), 

Magnesia  (MgO), 
Carbon  dioxide  (COg), 
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With  this  brief  general  description  of  the  chief  varieties  of  the  pre- 
canil)rian  rocks,  we  may  now  proceed  with  a more  careful  considera- 
tion of  those  beds  among  them  which  are  of  special  interest  eco- 
nomically. 


THE  TALC  AND  SERPENTINE  BEDS. 

The  Talc  and  Sei'j)entine  of  central  Eastern  Pennsylvania  occur 
in  a nari'ow  band  along  the  Soul  hern  slope  of  Chestnut  Hill,  North  of 
Easton,  and  can  be  traced  continuously  for  three  and  one-half  miles. 
A short  distance  north  of  Chestnut  Hill  and  slightly  west  of  north 
froiti  Easton,  similar  rocks  occur,  the  relation  of  which  to  the  other 
precambrian  rocks,  is  somewhat  obscure. 

DESCRIPTION  OP  THE  TALC-SERPENTINE  ROCKS  BY  QUARRIES. 

The  accompanying  map  shows  sixteen  localities,  all  lying  to  the 
northward  from  the  cities  of  Phillipsburg  and  Easton  and  within  21 
miles  of  them,  at  which  rock  of  either  a talcose  or  serpentine  nature 
occurs.  The  better  grades  of  talcose  rocks  are  ground  to  a pulp  (as 
will  be  more  fully  explained  later)  and  sold  for  different  purposes, 
while  the  serpentine  is  quarried  in  large  blocks,  saAvn  into  slabs  and 
])olished  or  otherwise  prepared  for  decorative  purposes.  Certain 
grades  of  this  serpentine  rock  are  also  ground  for  mineral  pulp.  Ten 
of  these  sixteen  localities  either  are  or  have  been  producers  of  rock  in 
sufficient  quantities  to  merit  the  name  of  quarries.  Of  these  ten 
(piarries,  four  are  no  longer  producers ; two  are  worked  intermittently 
and  four  are  steady  producers.  Two  of  the  quarries  are  producing 
materials  of  two  kinds,  viz.;  the  ordinary  rock  for  grinding  purposes, 
and  a rather  superior  quality  of  serpentine  rock  used  for  interior 
decoration. 

All  of  these  quarries  have  been  opened  up  on  beds  of  rock  belonging 
to  the  same  geologic  horizon,  and  Avhile  the  rocks  in  any  particular 
(piarry  vary  quite  widely  in  character,  all  of  the  varities  of  rock  there 
found  can  be  duplicated  in  some  one  or  more  of  the  other  quarries. 

Warne’s  quarry. — Quarry  designated  “a”  on  the  map  is  leased  and 
operated  by  the  Lizzie  Clay  and  Pulp  Co.,  of  Phillipsburg  , N.  J.,  and 
is  the  only  quarry  at  present  being  worked  on  the  New  Jersey  side 
of  the  Delaware  River.  It  was  opened  24  years  ago  by  Mr.  E.  -1. 
Warne,  and  is  known  as  Warne’s  quarry.  It  is  one  of  the  largest  of 
the  region  and  consists  of  an  open  cut  100  feet  deep  reaching  to  a 
considerable  distance  below  the  low-water  level  of  the  Delaware 
River.  This  necessitates  some  i)umping  to  keep  the  quarry  dry. 

The  character  of  the  rocks  in  this  quarry  may  be  taken  as  typical 
for  the  entire  region.  It  furnishes  rock  for  commercial  materials  of 
two  sorts,  viz.: 
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(1)  Eock  used  iu  the  numufiicture  ol  iiiiueial  pulp  (ground  rock^, 

and  . ■ 

(2)  Eock  quarried  (in'  blocks  for  o’denoratiYq-ni'aterials— slabs,  col- 
iTinns,  etc. 

The  rock  at  present  largely  used  in  the  manufacture  of  pul})  is 
rather  hard,  com})act,  massive  to  very  finely  granular  in  texture,  and 
very  light  green,  or  mottled  green  and  Avhite  in  color.  Tt  consists  of  a 
very  intimate  mixture  of  two  or  three  different  mineral  s})ecies,  chief 
of  wliich  is  serpentine,  which  gives  the  rock  its  greenish  color.  I’he 
colorless  i)ortiou  consists  of  a lime-magnesia,  silicate,  having  a])- 
[iroximately  the  chemical  composition  of  the  colorless  amjihihole, 
tremolite.  (This  mineral  has  undergone  a partial  alteration,  by 
hydration  and  a loss  of  its  lime,  to  talc,  wliich  shows  as  floury  patches 
wherever  the  rock  is  struck  with  a hammer.  The  lime  thus  set  free 
by  the  more  or  less  complete  decomposition  of  the  tremolite,  remains, 
in  part  at  least,  in  the  rock  as  a thii'd  constituent,  through  a small 
one,  constituting  usually  not  more  than  2 or  3 per  cent  of  the  entire 
rock  mass.  Occasionally  this  aggregate  of  minerals  has  been  so 
thoroughly  kneaded  together  as  to  result  in  a hemogeneous  mixture  of 
its  constituents,  so  that  it  assumes  a uniform  apple-green  color,  is 
tough  and  compact  or  very  finely  granular,  has  a s])lintery  fracture 
and  a})})roaches  very  closely  that  variety  of  serpentine  known  as  bow- 
enite  in  all  })hysical  properties  except  that  of  hardness,  which  is  only 
3.5  instead  of  5 to  6. 

A com})lete  chemical  analysis  of  ihis  sort  of  rock  showed: 

Anali/si,^  of  Rode,  frooi  Waiiic's  Qauirjj. 


S^ilica  (i^i02), 

45.23 

Aluminum  (ALO3), 

) 

and 

1 2.68 

Iron  (FCoOp,), 

[ 

lame  (CaO), 

1.41 

I\fagnesia  (MgO), 

38.34 

liOss  on  ignition, 

12.30 

25481.3  09.96 


S})ecific  gravity  equals  2.66;  hardness,  3.5. 

This  coiTesi»onds  very  closely  to  typical  serpentine.  It  is  rock  of 
this  character  which  is  used  in  the  manufacture  of  the  better  grades 
of  pulp. 

The  rock  from  this  quarry  which  is  used  for  decorative  })urposes 
is  essentially  a ser})entiue,  but  is  usually  darker  green  in  color  than 
the  rock  used  for  grinding,  for  only  the  lighter  colored  rocks  grind 
to  a pulp  of  the  desired  whiteness.  It  is  a mottled  mixture  of  light 
and  dark  serpentine,  occasionally  sprinkled  with  grayish,  pinkish  or 
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fiosli  colored  dolomite’ cl-y.slaLs'  i"iiid  sometimes  Veined  with  streaks  or 
seams  of  ptire  Avhite,  these  streaks  eonsi«liug  of.a  comj)act  to  fibrous 
looking  calcite,  iu-which \aie>ein.hedded;:  fibers  of  asbestos.  :Much  of 
this  rock  fui-nishes  beautiful  polished  slabs  and  columns  and  tiuds  a 
readj^  market. 

The  inferior  varieties  of  serpentine  here  found  are  the  result  of  the 
alteration  of  a eonijiact  or  tinely  granular  (but  sometimes  coarsely 
granular)  aggregation  of  mica  crystals  of  the  phlogojtite  variety. 
This  alteration  of  ])hlogopite  ndca  to  serpentine  Avas  confirmed  by 
chemical  test,  Avhere  a jdece  of  the  micaceous  ser])entine  consisting  of 
pseudomoi'phous  serj)entine  after  ])hk>gopite  had  the  following  coin- 
position  : 

Clicinicul  Coiiipositioii  of  M icoceous  i^crpaiti ne. 

Silica  (Si02),  43.02 

Alumina  (AloOg),  '] 

Iron  (Fe^Og),  [ 

Lime  (CaO),  O.(H) 

iMagnesia  (VigO)  40. 7S 

Alkalies  undetermined. 

^^'ater  (11,0),  9.95 


98.71 

This  alteralion  of  phogopite  to  .serpentine  is  not  common.  In  other 
instances  the  same  rock  jiasses  over  into  tale  as  might  be  expected, 
talc  being  the  natui-al  alteration  product  of  phlogopite. 

A contirmatory  chemical  test  of  pseudomorphous  phlogopite  rock 
identical  in  character  to  the  one  above  descrilied  as  altering  to 
serpentine,  but  in  this  case  distinctly  talcose  in  character,  showed: 

SiO,  54.58 

ILO  4.82 

There  ajipears,  therefore,  to  be  abundant  evidence  of  the  alteration 
of  phlogojdte  either  to  serjienline  or  to  talc. 

A small  amount  of  molybdenite  has  been  found  in  the  sei-penliue 
here.  It  occui-s  as  thin  Hakes  or  films  on  slickensides. 

Among  the  rocks  of  this  (luarry  are  jiearl  or  ashy-gray  dolomites 
and  dolomitic  limestones,  of  pre-Cambrian  age,  and  not  to  be  confused 
in  any  sense  with  the  Cambrian  dolomites  of  the  newer  formations  of 
the  surrounding  A’alleys.  These  ajtpear  to  be  the  original  rocks  from 
which  the  serpent inaceous,  tremolitic  and  talcose  rocks  Avere  deriA^ed. 
By  shearing  they  ]>a,ss  directly  oA’er  into  greenish  or  grayish  talc 
or  talcose  schists.  This  alteration  Avould  be  possible  in  the  ])resence 
of  Avater  containing  silica  in  solution.  These  friable  talcose  I’ocks 
to  a certain  extent  are  quarried  for  grinding  purposes.  The  entire 
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]ii'(»duct  i)l'  tliis  (juan-y,  except  tlie  blocks  (inarried  for  sawing  pur- 
poses, is  ground  into  i>ulit  at  tlie  iiiill  of  the  Lizzie  Clay  and  l'ul[t 
Company,  located  at  Green's*  Bridge,  oue-lialf  mile  southeast  of 
IMiillipsbnrg. 

At  localities  numbered  “b”  and  "c”  are  old  openings  of  some  20 
years  standing  in  peculiar  talcose  and  s(pieezed  serpentine  rocks 
which  are  of  too  impure  a nature  to  be  utilized  for  pu'lp.  At  ‘‘b’’ 
the  rock  is  stretched  and  squeezed  serpentine  of  very  light  green 
color,  in  which  nnmerons  small  veins,  lenses  and  irregular  nodules  of 
quartz  occur.  At  “c”  the  rocks  are  distinctly  talcose  in  character ; 
are  grayish  or  greenish  in  color  and  pass  over  into  dark-green 
schists  of  a chlorite  nature.  These  beds  do  not  belong  to  the  same 
horizon  as  the  Talc-Serpentine  beds  on  the  Southern  slope  of  Ohest- 
unt  Hill,  but  a])pear  to  be  near  the  contact  of  the  Cambrian  dolo- 
uiites  on  the  pre-Cambriaii  gneiss. 

Whedon  Quarry. — Oue-fonrth  mile  southwest  along  the  Deleware 
Biver  road  and  175  feet  above  it,  on  the  Southern  slope  of  Chest- 
nut Hill,  and  behind  the  prominence,  know  as  Anthony's  Aose.  occurs 
the  old  ItiTiedon  quarry  “d”,  no  longer  a producer,  though  rather 
vigorously  Avorked  25  years  ago  for  materials  similar  to  those  uoav 
being  taken  from  ‘‘a”. 

Sherrer  (Quarry. — At  “e'’  is  the  largest  and  oldest  quarry  of  the  re- 
gion. It  was  OAVued  until  1S9S  by  Abram  Sherrer  iiioav  deceased  i.  avIio 
opened  the  quarry  nearly  GO  years  ago.  It  is  a large  cut,  which  opens 
directly  on  the  DeleAvare  Biver  road,  and  has  been  driA’en  into  the 
Southern  slope  of  the  hill  a distance  of  150  feet.  Almost  from  the 
beginning  the  A’alue  of  much  of  the  i)urer  serpentine  rock  for  Avaius- 
coting,  mantels,  columns,  etc.,  Avas  recognized,  and  from  time  to  time 
Mr.  Sherrer  sold  large  blocks  of  it  in  Aew  York  at  |30  a ton  in  the 
rough.  This  quarry  is  noAv  being  operated  by  C.  K.  MTlliams  and 
Company,  paint  manufacturers,  whose  mills  are  located  at  Easton. 

Adjoining  this  quarry,  someAAiiat  higher  up  on  the  hillside  to  the 
South  is  a quarry  formerly  knoAvu  as  The  ’A'erdolite”  Quarry. 

In  189<S  William  B.  Beed,  then  of  Easton,  formed  a comiAany  and 
oi)ened  this  qiiarry  a little  aboA'e  the  Sherrer  quarry  in  a rock  similar 
to  that  found  in  the  Sherrer  quarry,  but  differing  in  the  larger 
amount  of  pinkish  and  flesh-red  dolomite  crystals  scattered  through 
the  light-green  ser])entine.  This  rock  5Ir.  Beed  called  “A'erdolite'’ 
(contraction  of  verd-antique  and  dolomite i,  and  the  company  formed 
Acas  knoAvn  as  “The  Verdolite  Conii)any.”  They  purcha.'<ed  the 
Sherrer  (jnarry,  and  began  operations  for  iiroduciug  blocks  for  saAV- 
ing  on  a someAvhat  extensiA'e  scale,  Avith  the  result  that  considerable 
excellent  material  A\'as  produced.  The  blocks  AAere  said  to  liaA’e  been 
sold  in  Yew  York  at  from  f2.50  to  $10. 00  ])er  cid)ic  foot  in  the  rough, 
or,  reckoning  at  12  cubic  feet  to  the  ton,  at  from  |30.00  to  |120.00 
2 
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])er  tou.  The  lock  .siiitahle  foe  grinding,  which  is  renioccd  in  quar- 
rying the  biocks,  is  nliiized  liy  C.  K.  Williams  & Co.,  who  now  own 
and  operate  boih  this  and  the  ShcM-rer  (piarries. 

'I’he  rocks  of  this  quarry  are  quite  identical  in  character  to  those 
found  in  the  Warne  (piarry,  being  more  or  less  intimate  mix! vires  ol 
serjientine  and  pink  dolomite,  or  serpentine  and  tremolite,  the  latter 
mineral  being  more  or  less  thoroughly  altered  to  talc.  The  rocks 
esjtecially  on  the  south  side  of  the  quarry  have  suffered  a tremendous 
amount  of  .shearing  and  squeezing,  and  are  here  veiw  fissile  and 
lalcose.  A tyjucal  sample  of  the  rock  usvmI  for  grinding  showed  a 
])ortion  soluble  in  strong  hydrochloric  acid  amounting  to  0.3.7  jier 
cent,  of  tiie  bulk  of  the  rock,  2.2  per  cent,  of  which  iiroved  to  be 
calcite.  The  remaining  01. .0  per  cent,  analyzed  as  follows: 

Silica  (SiOg), 

Alumina  (AljOg), 

Iron  (FCgOg), 

Magnesia  (MgOj, 

Water  (HgOj, 

This  analysis  corresponds  closely  to  typical  serpentine.  The  in- 
soluble jiortion,  after  being  boiled  in  a strong  solution  of  corbonate 


of  soda,  gave 

Silica  (SiOj),  00.1.5 

Alumina  (AkOg),  0.82 

Iron  (FegOg),  0.82 

Lime  (CaO),  8.52 

Magnesia  (MgCj,  27.75 


Alkalies  undetermined. 

which  can  Ite  considered  as  a partially  decomposed  tremolite,  from 
which  a portion  of  the  lime  has  been  leached,  and  which  is  in  pro- 
ce.ss  of  altei  atioii  to  talc. 

A short  distance  above  this  quarry  are  the  hMges  of  verdolite  which 
first  attracted  iMr.  Heed’s  attention,  and  it  was  here  that  the  Verdo- 
lite Conqiany  first  began  ojterations. 

h’ox  (juai-ry. — A short  distance  farther  up  the  hillside  takes  one 
into  the  (juarry  known  as  the  Fox  (piairy  located  at  “f,”  which 
was  opened  some  20  years  ago,  and  which  has  been  a steady  ])ro- 
ducer  of  pvdp  rock  ever  since.  The  vpiarry  is  located  on  what  was 
formerly  the  projserly  of  the  X’erdolite  Com])any,  but  is  now  owm^l 
and  operated  by  C.  K.  Williams  & Co.,  the  most  extensive  pulp  manu- 
facturers of  the  regivm.  The  rock  is  loAvored  by  an  inclined  tram- 
vay  to  the  highway  along  the  Delaware  Fiver  and  conveyed  from 
there  to  mills  owned  by  the  same  comj)any  located  along  the  Bushkill 
Creek,  just  north  of  Easton.  This  (piarry  has  been  excavated  in 
tremolite  rock,  which  lies  in  heavy  beds  nearly  50  feet  thick,  and 


42.98 
I 2.30 

'40.79 

13.73 


riato  II  A.  View  of  serpentine  le(lf;e  in  tlie  old  verdolite  (piarry. 


..  -’iia 




I’lato  II  B.  ’\'iew  in  the  Fox  quarry  North  of  Easton,  showins'  ledges  of  rock 
made  up  of  serpentine,  and  talcose  material  formed  from  partly  alterc’d  tremolite, 
which  is  ground  into  mineral  pul|). 
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dips  south  under  the  granite  which  constitutes  the  southern  wall. 
On  the  northward  it  lies  on  granite  and  gneiss.  Evidently  this  rock 
has  been  faulted  into  its  present  position.  The  shearing  to  which 
it  has  been  subjected  has  partially  altered  the  tremolite  to  talc  along 
the  shearing  planes.  Scattered  through  this  finely  crystalline,  some- 
times massive  white  tremolite  rock,  are  seams  and  irregular  aggre- 
gations of  what  was  originally  phlogopite  or  pyroxene,  now  altered 
thoroughly  to  a handsome  apple-green  serpentine,  which  contrasts 
beautifully  with  the  white  tremolite.  Microscopic  thin  sections  of 
the  rock  show  a felt-work  of  interlacing  needles  of  tremolite  through 
which  is  scattered  a subordinate  amount  of  colorless,  or  nearly  color- 
less pyroxene,  probably  of  the  diopside  variety.  The  tremolite  shows 
all  stages  of  alteration  to  talc,  and  the  pyroxene  changes  to  a cloudy, 
very  light,  yellowish-brown  serpentine.  A small  amount  of  a very 
fine  quality  of  talc  is  found  along  the  shearing  planes,  as  is  also 
a small  amount  of  asbestos.  All  the  rocks  at  present  used  in  the 
manufacture  of  pulp  by  C.  K.  Williams  & Co.,  comes  from  this  and 
the  Verdolite  quarry. 

The  following  analyses  are  of  specimens  of  rock  from  this  quarry. 

Analysis  No.  1 is  a very  light  yelloAvish-green  rock  consisting  of  a 
finely  granular  aggregate  of  micaceous  material. 

Analysis  No.  2 is  of  a much  darker  rock,  which  is  a typical  speci- 
men of  the  darker  colored  material  used  for  grinding. 

Analyses  of  Serpentine  Rock  from  Fox  Quarry. 


I. 

11. 

Silica  (SiOa),  46.80 

42.94 

Alumina  (AI2O3),  ] ^ 

Iron  (FCoOg),  j 

3.76 

Lime  (CaO),  .82 

.67 

Magnesia  (MgO),  38.70 

40.58 

Water  (HgO),  10.64 

12.00 

100.10 

99.95 

Sj).  gr.,  2.64 

2.57 

Hardness,  3.5  to  4 

3.5  to  4 

r>oth  of  llicse  analyses  show  llie  rocks  to  be  essentially  serpenliue. 

Lerch’s  quarry. — Quarry  designated  “g”  is  known  as  Lerch’s  quai  ry 
and  was  opened  30  years  ago,  but  was  abandoned  and  filled  up,  to 
be  reopened  19  years  ago  by  C.  K.  Williams  & Co.,  who  purchased  it 
and  the  adjoining  property.  The  i-ocks  of  the  (piarry  are  l)anded, 
made  up  of  thin  layers  of  streaks  of  much  sheared  white  or  grayish 
tremolite,  alternating  with  light  to  dark  yellowish-green  bands  of 
finely  granular  micaceous  material,  which  is  composed  of  phlogopite 
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scales  in  jtrocess  of  alteration  to  either  talc  or  serpentine;  or  rather 
the  first  altei-ation  a]»]»eais  to  he  to  sei-pentine  and  from  that  they 
change  to  talc.  These  hands  of  mica  scales  themselves  api)ear  to  he 
the  result  of  sipieezing  and  stretching  or  shearing  and  seem  to  form 
along  jjlanes  of  movement.  Their  suhseqnent  alteration  to  talc  is 
the  result  of  shearing  and  stretching.  Small  grayish  calcite  or  dolo- 
mite crystals  are  at  times  ahnndant,  constituting  20  ])er  cent,  of  the 
rock.  Considerahle  free  quartz  in  nodules  and  tilms,  much  crushed 
and  milky  white  in  color,  is  also  occasionalh"  to  he  found.  This 
handing  is  due  to  the  squeezing  and  shearing  of  the  beds,  which  at 
jiresent  dip  at  from  30-40  degrees  to  the  South.  In  the  center  of  the 
(juariw  is  a mass  of  much  crushed  coarsely  granular  pegmatite 
granite. 

The  (piarry  at  “h”  until  recently  has  been  operated  by  D.  D. 
t\'agner  &:  Co.,  of  Easton.  The  rock  taken  from  it  was  ground  to 
])ulp  in  the  two  mills  owned  by  the  company  located  on  opposite  sides 
of  the  Bushkill  Creek  north  of  Easton.  The  rocks  of  the  quarry 
are  so  similar  in  character  to  those  of  “g”  that  a description  of  them 
will  not  he  necessary. 

At  “i”  are  two  old  open  cuts,  from  which  considerahle  talc  of  a 
rather  superior  quality  was  at  one  time  taken.  The  talc  itself  was 
obtained  from  seams  formed  along  shearing  planes  a few  feet  beneath 
beds  of  a dai-k  basic-looking  rock,  sometimes  coarsely  granular,  occa- 
sionally very  tine  grained  in  texture,  consisting  of  green  augite  (now 
juostly  altered  to  uralite),  orthoclase  and  microperthite ; also  having 
much  dark  mica  of  the  biotite  variety,  and  some  oi’e,  probably  magne- 
tite. Talcose  beds  of  considerable  thickness  occur  beneath  these 
biotite-augite-orthoclase  rocks,  which  ai)pear  to  take  the  form  of  beds 
dipping  at  an  angle  of  60°  to  the  South  and  striking  N.  .5.5°  E.  The 
same  beds  shear  also  into  chloritic  rocks.  Phlogopite  in  large  masses, 
the  crystals  of  which  are  two  or  three  inches  in  diameter,  is  scat- 
tered about  in  the  ([uarry  :tnd  on  the  dump.  Upon  the  latter  trees 
eight  inches  in  diameter  :ire  growing,  showing  thus  the  considerable 
jtntitpiity  of  the  workings. 

Schweyer’s  ((uarry. — At  ‘‘k”  is  ;i  quarry  o])ened  5 or  0 years  ago 
by  511*.  If.  A.  Schweyer,  of  King  of  Prussia,  iMontgomeiw  county.  Pa., 
near  which  he  is  operating  extensive  marble  quarries.  The  jtroperty 
is  owned  by  0.  K.  Williams,  from  whom  it  has  been  leased.  This 
(piarry  was  ojiened  by  iMr.  Schweyer  be<ause  of  the  exceptional 
jn'omise  here  for  dark  and  light-green  serpentines,  identical  in  char- 
acter to  those  found  at  the  other  localities  already  described,  but 
Avithout  the  piuk  dolomite.  It  faces  on  the  highway  which  runs 
Noi-thwest  through  the  cut  made  by  the  Bushkill  Creek,  through 
Chestnut  ridge.  The  lieds  Avhich  are  here  exposed  to  a thickness  of 
75  feet,  strike  N.  55°-02°  E.  and  dij)  55°-G5°  S. 


Plate  III  A.  fe'chweyer’s  serpentine  quarry  on  the  Bushkill  Creek  West  of 
Easton. 
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I^Iate  III  B.  Mill  where  serpentine  is  sawn  into  slabs,  owned  by  Schweyer  Co, 
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Beginning  at  the  north  side  of  tlie  quarry  we  have  tlie  following 
sequence  of  rocks: 

(1)  Ledge  of  coarse  pegmatite  granite  20  feet  thick,  apparently 
in  the  form  of  a much  drawn-oiit  lens  or  sheet  lying  parallel  to  the 
other  beds  and  dii)ping  with  and  under  them  to  the  South. 

(2)  Twenty  feet  of  a dense,  light  to  dark-green  serpentine  rock, 
or  mixture  of  serpentine  and  tremolite. 

(3)  Ten  feet  of  fine,  even,  granular  pearl-gray  to  white  tremolite 
mixed  with  more  or  less  calcite  or  dolomite,  or  consisting  largely  of 
these  two  carbonates.  It  passes  upwards  into 

(4l  Similar  tremolite  beds  with  streaks  of  light  to  dark-green 
serpentine  or  mottled  light-green  and  Avhite  mixtures  of  .serpentine 
and  tremolite  or  very  light-green  pyroxene  (?). 

(5)  Cutting  diagonally  across  these  southerly  dipping  beds  is  a 
mass  of  coarse  very  light-colored  pegmatite  granite,  which  api)ears 
to  extend  downward  and  dip  northward,  and  which  we  can  supi)ose 
joins  the  lens  or  sheet  of  pegmatite  first  mentioned.  Southward 
follow 

(6)  Thinner,  less  massive  beds  of  lighter-colored  serpentine-tremo- 
lite  rock  of  es.sentially  the  same  character  as  (2)  and  (4i,  which 
passes  upward  into 

(7  I Beds  highly  micaceous  or  distinctly  talcose  in  character  con- 
taining an  abundance  of  phlogophite  scales  imbedded  in  rocks 
which  were  apparently  highly  calcareous  or  dolomitic,  but  which  are 
badly  decomposed.  They  have  altered  mostly  to  light-grayish  or 
greenish  masses  of  clayey  or  talcose  materials,  loose  enough  to  be 
removed  with  pick  and  shovel.  Besting  uj^on  these  thinner*  beds  to 
the  south  and  dipping  with  them  in  that  direction  is 

(8)  A bed  of  dark-green,  basic-looking  rock,  consisting  of  augite 
altered  mostly  to  bluish-green  hornblende;  biotite;  abundant  plagio- 
ciase  (albitei;  subordinate  orthoclase;  and  much  ore,  iirobably  mag- 
netite. It  is  scai’cely  to  be  distingui.shed  from  the  augite-orthoclase 
rock  found  at  locality  “i.”  The  width  of  the  quarry  which  has  been 
opened  up  on  these  serpentine-tremolite  beds  is  about  75  feet.  The 
entire  series,  including  the  serpentine-tremolite  rocks  below  and  the 
more  talcose  and  micaceous  rocks  above,  is  considerably  more  in 
thickness.  The  area  is  too  badly  covered,  however,  to  ascertain 
accurately  their  thickness. 

Across  Bushkill  Creek  at  ‘d”  is  a similar  occurrence  of  rocks, 
formerly  prospected,  but  never  extensively  developed. 

Walter’s  Station. — There  is  but  one  remaining  locality  in  Ibis  re- 
gion from  which  either  talc  or  s?r]tentiue  has  been  obtained  in  com- 
mercial quantities.  This  is  one  mile  east  of  Walter’s  Station  at  Kep- 
ler’s Mill. 
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Here  in  a badly  covered  area,  well  out  in  the  Cambrian  dolomites 
and  entirely  isolated  from  the  pre-Cambrian  rocks  of  Chestnut  Hill, 
are  two  open  cuts  “m”  and  “n”  excavated  in  much  squee-zed  and 
fissile  talcose  rocks,  ranging  from  very  light-green,  almost  pure  white 
talc  of  a more  or  less  fibrous  or  foliated  character  and  of  the  best 
(piality,  through  darker-green  impure  talcose  rocks  carrying  much 
calcareous  matter  (as  is  shown  by  their  rapid  effervescence  with 
hydrochloric  acid).  They  contain  also,  pyrite  cubes  and  dark  mica 
scales ; and  are  interfoliated  with  beds  of  fresh  pearl-white  tremolite. 
Immediately  in  contact  with  these  talcose  rocks,  is  a dark  basic-look- 
ing rock,  much  jointed  and  contorted,  apparently  in  the  form  of  a 
sheet,  dipping  southward,  but  the  disturbance  has  been  too  great  to 
allow  certain  evidence.  It  is  essentially  the  same  macroscopically 
and  microscopically  as  the  basic  beds  found  at  “i”  and  “k.” 

Resume  of  the  sequence  of  pre-Camht'ian  rocks  in  Chestnut  and 
Marhle  Hills. 

In  brief  the  sequence  of  pre-Cambrian  rocks  as  shown  in  Marble 
and  Chestnut  Hills,  may  be  summed  up  as  follows: 

Eeckoning  from  below  upward,  we  find  (1)  Massive,  rather  grani- 
toid gneisses,  with  indistinct  banding  or  foliation,  followed  by  (2)  A 
series  of  beds  of  widely  varying  character,  all  of  which  are  distinctly 
banded  or  bedded,  and  which  are  at  least  in  part  of  undoubted  sedi- 
mentary origin.  Under  (2)  we  distinguish  the  following  sub-series, 
viz.: 

(2a)  Dark  basic  diorite  gneisses,  sometimes  limy  in  character  and 
altered  to  epidote; 

(2b)  Light  colored  feldspathic  or  sandy  gneisses,  sometimes  limy  in 
character; 

(2c)  Beds  of  limestone  and  dolomite: 

(2d)  Talcose  and  chloritic  beds,  carrying  lenses  and  beds  of  more 
or  less  pure  hematite,  followed  by  other  beds  rc'sembling  (2a)  and  42b) 
in  character.  Intruding  all  of  the  sub-series  2a-2d,  and  occurring 
usually  in  sheets  or  taking  the  form  of  much  drawn-out  lenses  lying- 
parallel  to  the  banding  or  bedding,  are  numerous  occurrences  of 
coarse  pegmatitic  granite.  Occasionally  these  pegmatites  cut  across 
the  beds  or  surround  angular  fragments  of  the  rocks  which  they  in- 
trude, suggesting  veritable  intrusions.  In  other  instances  they  fade 
out  into  the  surrounding  rock  in  such  a way  as  to  suggest  segrega- 
tions. 

In  considering  the  above  series  as  described,  we  are  not  to  assume 
that  the  lower  granitoid  gneisses  described  under  (1)  are  necessarily 
older  than  the  overlying  banded  or  bedded  series  (2a)-(2d),  for  the 
granitoid  gneisses  may  prove  to  be  true  igneous  intrusions  injected 
into  a pre-existing  series,  of  which  (2a)- (2d)  were  components,  in 
which  case  they  would  be  younger.  Of  this,  however,  there  is  no 
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positive  evidence,  and  we  gan  at  present  affirin  nolliing  willi  I'egard 
to  the  relative  ages  of  the  two  series. 

Altcratlo}i  of  the  limesione-doloniitc  Itcds  to  idle  and  serpentine. — 
Wherever  these  pegmatites  are  found  cutting  the  crystalline  lime- 
stones and  dolomite,  or  wherever  they  are  found  anywhere  in  their  im- 
mediate neighborhood,  tlie  latter  become  utterly  changed  in  char- 
acter from  their  original  condition.  The  contact  etfect  of  (h(‘se 
granitic  masses  on  the  limestone-dolomite  bods  aided  at  least  in 
building  up  in  the  one  or  more  silicates  of  lime  and  magm'sia, 
such  as  tremolite,  i)yroxene  or  phlogopite.  Locally  these  silicalt‘s 
entii-ely  replaced  the  original  carbonates,  but  all  intergradations  can 
be  found  from  nearly  pure  limestone  or  dolomite,  containing  but 
small  amounts  of  the  silicates,  to  rocks  consisting  wholly,  it  may  be, 
of  either  pure  white  tremolite  or  white  pyroxene,  or  an  aggregation 
of  phlogo])ite  mica  scales,  or  mixtures  of  those  dilfei-ent  mineral 
species. 

These  pre-Cambrian  limestones  and  dolomites  on  the  Southern 
slope  of  Chestnut  Hill  appear  to  be  the  vanishing  point  of  that  im- 
l)()rtant  series  of  crystalline  limestones  which  entei's  New  Jersey 
along  its  Northern  boundary.  South  of  Amity,  N.  Y.,  and  which  can 
be  traced  southward  to  Franklin  Furnace  and  Sparta,  N.  J.,  and 
which  appear  again  in  isolated  patches  at  request  IMeadows,  Oxford 
Church,  Montville  and  Lower  Harmony. 

At  Lower  Harmony  the  rocks  are  of  the  same  general  nature  ns 
those  on  the  Southern  sloj)e  of  Chestnut  Hill,  but  differ  in  (hdail. 
Tremolite,  white  pyroxene  and  phlogO])ite  are  wanting,  but  the 
limestone-dolomite  beds  were  moi’e  or  less  altered  to  light-gr(‘en  horn- 
blende, with  the  development  of  biotite  and  toui-maiine  and  lenses  of 
coarse  feldspar  and  dark  liornblende. 

Then  followed  the  subsequent  alteration  of  these  silicates  of  lima 
and  magnesia  to  either  serpentine  or  talc.  In  this  alteration  the 
tremendous  forces  which  folded,  squeezed,  stretched  and  faulted  the 
rocks  into  their  i)resent  condition,  together  with  the  hydrating  and 
leaching  power  of  ever  i)resent  water,  were  the  ])rinci](al  facioi-s. 


GEOLOGY  OF  THE  LEHIGH  FORTLAND  CEMENT  DISTRICT. 

In  the  following  description  of  the  geology  of  the  cement  district 
in  Lehigh  and  Northami)t()n  counties,  as  in  the  descrijdion  of  pie- 
Cambrian  areas,  only  a general  statement  wilt  be  attenqiteil.  So 
much  work  of  a careful,  painstaking  nature  remains  to  be  done  in 
working  out  the  i-ather  conqilex  strmdure,  and  in  determining  the 
boundaries  of  the  different  formations  of  the  region,  that  the  jiresent 
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paper  can  be  regarded  as  little  more  than  a repetition  of  what  has 
already  been  written  on  the  subject.* 

In  justification  of  the  present  description,  however,  it  may  he  said 
that  at  ])resent  we  are  able,  both  on  a lithological  and  on  a })alaeou- 
tological  basis,  to  i-esolve  the  Cambrian  and  Ordovician  system  of  this 
portion  of  the  (Ireat  Valley  district,  into  several  horizons  i.  e., 
formations,  not  previously  recognized,  which  can  be  correlated  with 
those  recognized  and  so  admirably  mapped  and  described  by  Mr. 
Geoi'ge  M . Stose  in  Folio  jSIo.  1<0  of  the  U.  S.  Geological  Survey,  in 
which  publication  is  to  be  found  an  exact  and  detailed  description 
of  the  geology  of  the  South  Western  extension  of  the  same  Great 
Valley  district. 

STATlGEAriTY  OF  THE  LEHIGH  DISTRICT. 

The  rocks  of  that  portion  of  the  Great  G alley  which  we  are  con- 
sidering begin  at  the  bottom  Avith  loAver  Cambrian  sediments,  Avhich 
lie  unconformably  upon  the  pre-Cambrian  crystallines  already  de- 
scribed in  the  discussion  of  the  geology  of  the  Talc  and  Serpentine 
deposits.  They  are  Avholly  of  sedimentary  origin  luid  as  regards 
geologic  age  belong  to  the  tivo  loAvest  periods  of  the  Palaezoic  era, 
viz.:  the  Camlirian  and  Ordovician. 


CAMBRIAN  SYSTEM. 

The  Cambrian  system  Avitbin  this  area  consists  of  quarizites,  cal- 
careous and  shaly  sandstones,  buff  sandy  shales,  dolomites,  dolomitic 
limestones,  Aviih  a fcAv  beds  of  ipiite  pure  limestone.  Named  from 
beloAV  up  the  folloAving  formations  may  be  recognized:  llardyston 
(Quartzite,  Leitbsville  formation,  Allentown  Limestone. 


HARDYSTON  QUARTZITE. 

This  term  Avas  apjilied  by  Kiimmel  and  Weller  to  Ihe  basal  Cam- 
brian (pmrtzites  and  Conglomerates  of  Northern  NeAV  Jersey.  In 
Lehigh  and  Northanqiton  counties  these  rocks  are  found  as  a dis- 
continous  fringe  around  the  borders  of  the  ]»re-Cambrian  gneisses. 
This  quartzite  series  is  not  Avell  deATloped  in. the  Eastern  ]»a]-t  of  the 
State  along  Ihe  DehiAvare  Kiver.  It  is  to  be  found  as  a thin  A'eneer- 
ing  Avrai)])(.Al  around  the  east  end  of  Morgan's  Hill  and  along  the 
northern  margin  of  the  same  Avhere  it  is-  so  highly  ferruginous  as  to 
constitute  an  iron  ore.  All  of  the  mines  to  the  Soulh  of  Easton  are 

■“Bulletin  U.  S.  Geological  Survey  Xo.  24S,  Rages  27S)-294.  “Cement  Materials  and  Indust)-y 
of  the  United  States”  by  Edwin  O.  Eelcel. 

Economic  Geology,  A“ol.  Ill,  page  37.  “Geology  of  the  Cement  Belt  in  Lehigh  and  North- 
ampton Counties,  Pa.”  By  F.  B.  Peck. 

Science,  Vol.  31),  page  tie.  “Early  Paleozoics  of  the  Lehigh  A-alley.”  E,  T,  AVherry. 
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located  on  this  ferrnginons  quartzite.  Elsewlieie,  viz.:  at  Emans 
and  farther  to  I he  sontliwest  in  Leliigh  conni  v it  has  fnrnislied  con’- 
siderable  ore.  It  is  best  ex])osed  williin  tlie  area  covered  hy  tlie  ac- 
conipanving-  inaj)  along  the  Xortlie-rii  margin  of  ;r>onth  Mountain, 
South  of  Ilethleheni.  It  is  exposed  at  a nnniber  of  jdaces  between 
Eethlehem  and  Allentown,  and  a number  of  (piarries  have  been 
opened  in  it  for  bnilding  stone. 

This  basal  member  of  the  Cambrian  begins  at  the  bottom  with  a 
few  feet  of  coarse  conglomerate,  which  is  followed  by  a typical 
arkose.  This  then  grades  into  dense  blnish  or  grayish  (jnarlzite 
having  interstratitied  with  it  a few  feet  of  imi)nre,  tine-grained  quart- 
zite. The  np])ermost  member  of  the  series  is  a very  tintvgrained, 
almost  jaspery,  freijnently  highly  ferrnginons  quartzite.  The  seiies 
as  above  described  cannot  be  seen  at  any  one>  place,  but  at  different 
points  all  of  these  different  phases  may  be  observed,  appearing  in  the 
order  named  from  below  np.  No  fossils  of  distinctly  lower  Cam- 
brian age  have  as  yet  been  fonnd  within  the  area  covered  by  the 
map  bnt  the  same  beds  both  to  the  northeast  in  Nc/w  Jersey,  and  to 
Ihe  southwest  in  York  comity.  Pa.,  have  furnished  abundant  evidence 
of  their  lower  Cambrian  age.  Certain  beds  of  the  quartzite  furnish 
numerous  casts  of  the  tubes  of  Scholithns,  a worm  which  burrowed 
in  the  sands  on  the  beache-s  of  the  ancient  Cambrian  sea,  and  tbe  old 
sirand  lines  are  in  i)laces  clearly  indicated  by  their  presence. 

The  failure  of  the  (jnartzite  to  appear  along  the  margin  of  the  pre-. 
Cambrian  i-ocks  is  due  to  one  of  two  causes:  (1  ) It  was  never  de- 
jtosited,  due  to  the  fact  that  the  continent  was  above  water  at  that 
point  during  early  Cambrian  limes;  or  (2)  It  has  been  faulted  out  of 
sight. 

The  Hardyston  Quartzite  varies  in  thickness  from  0 to  ap])roxi- 
mately  400  feet. 


LETTIISYILI.E  FOltMATlON. 

These  conglomerates  and  quartzites  pass  nj)wards  into  a series  of 
Calcereons  sand  i-ocks  of  medium  fine  character,  which  weather  very 
readily  by  solution  of  the  calcareous  cement  which  holds  the  sand 
grains  together,  into  an  ochre-colored  or  rusty  brown  mass  of  sand. 
Locally"  the  beds  consist  of  light  bnff  sandy  shales.  Higher  nj)  in 
series  the.se  sandy  beds  pass  over  into  gray,  sandy,  Cherty  dolomites, 
very  tough  and  si)lintery,  evidently  with  high  silica  content.  The 
n])])er  ])ortion  of  the  series  is  well  exposed  at  Leithsidlle,  4 miles  south 
ot  llethlehem,  while  thc'i  lower  ])ortion  of  the  series  may  be  seen 
along  the  trolley  line  at  the  east  end  of  ^Morgan’s  Hill,  (lenei'allv 
speaking,  the  naturally  destrnctable  character  of  the  lower  ])ortif)n 
ol  the  Leilhsvdlle  has  resulted  in  rather  markc'd  di'pressions  \\  hich  fre- 
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qnently  boi’der  tlie  pre-Canil)ii;in  areas.  No  fossils  liave  as  yet  been 
discovered  in  this  formation  within  the  area  under  consideration  but 
from  the  known  age  of  the  next  succeeding  formation  it  can  confi- 
dently be  referred  to  the  lower  and  middle  Cambrian. 

Its  exact  thickness  cannot  be  determined  partly  because  of  the 
covered  character  of  the  region  and  partly  because  of  the  difficulty 
iu  fixing  tlie  boundary  between  it  and  the  next  succeeding  formation, 
so  lliat  on  tlie  accompanying  map  no  attempt  lias  been  made  to  even 
apjnmximately  delino  its  areal  extent.  It  ap]>ears  to  be  in  the  neigb- 
borbood  of  1,000  feet  tliick. 


ALLENTOWN  LIMESTONE. 

Tliis  is  tbe  most  prominent  memlier  of  tbe  Caniliro-Ordovician  lime- 
stone series  which  underlies  tlie  Great  ^"aliey  of  this  region.  It  con- 
sists of  rather  regular  thin  beds,  from  a few  inches  to  a foot  or  more 
in  thickness,  of  rapidly  alternating  light  and  dark  dolomites  or  dolo- 
mitic  limestones,  rvitli  frequent  bands  of  oolitic  material,  tbe  upper 
surface  of  which  is  often  covered  with  the  coral-like  organism,  known 
as  Cryptozoon  (species,  proliferum?),  described  by  Hall  and  Walcott 
as  occurring  near  the  top  of  the  upper  Cambrian  in  New  York,  and 
identified  by  Ulrich  and  Stose  in  beds  of  the  same  age  (Conocochea- 
gue  limestone),  to  the  southwest  in  the  region  about  Chambersburg. 
Shallow  water  conditions  seem  to  have  prevailed  during  the  deposi- 
lion  of  this  entire  series  as  is  indicated  (1)  by  the  fact  that  well 
delined  rijqde  marks  are  to  be  found  at  various  horizons  from  the 
bottom  up.  The  best  example  of  ripple  marks  is  to  be  seen  in  an  old 
(piarry  three-quarters  of  a mile  South  of  Raidisvillo,  on  the  West 
side  of  the  Delaware  Kiver.  (Plate  IV,  B.) 

(2)  By  wave  breccias,  i.  e.,  flat  or  slender  angular  fragments  of 
limestone,  imbedded  in  a calcareous  or  magnesian  mud  as  matrix. 
These  flat-pebbled  conglomerates  or  breccias  seem  to  have  been 
formed  by  the  breaking  up  of  thin  beds  of  calcareous  sediment  while 
they  were  still  soft  by  current  or  Avave  action  in  Amry  sballoAV  Avater, 
Avliich  angular  fragments  Avere  then  re-deposited  Avith  the  soft  mud 
that  surrounded  them  as  CAirrent  or  AvaA^e  breccias. 

(3)  The  numerous  oolitic  bands  in  this  formation  were  doubtless 
formed  by  the  oscillation  of  small  particles  at  the  bottom  of  shalloAV 
Avater  by  the  rhythmical  motion  of  the  waves,  about  Avbich  particles 
tbe  mineral  matter  in  solution  in  the  sea  AAmter  could  concrete,  form-' 
ing  small  concretions  or  spherules,  Avhich  were  subsequently  cemented 
together  to  form  oolite. 

(4)  Unmistakable  ci’oss-bedding  can  be  noted  occasionally,  though 
this  is  not  common.  This  indicates  the  rapid  change  in  tbe  direc- 
tion of  swift  currents  in  shallow  water. 


Plate  IV  A.  Cryptozoon,  a low  order  of  coral-like  animal  characteristic  of 
the  upper  Cambrian.  It  appears  in  the  photograph  as  light  colored  bands,  curved 
upwards.  It  usually  occurs  immediately  above  a band  of  dark  oolite. 


Plate  I\’  B.  View  in  an  old  quarry  near  Raubsville,  Pa.,  showing  ripple  marks 
in  the  Allentown  limestone. 


■f;- 
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There  were  apparently  times  when  temporary  land  conditions  pre- 
vailed, though  they  were  of  sucli  short  duration  as  not  to  seriously 
interrupt  the  process  of  deposition. 

On  account  of  the  rather  complex  folding  of  the  beds,  the  thick- 
ness of  the  formation  can  be  only  approximately  estimated.  The 
maximum  would  pei-haps  be  1,500  feet. 

As  to  the  age  of  the  beds,  the  presence  of  Cryptozoon  in  greater  or 
less  abundance  through  the  entire  formation  indicates  that  the  beds 
are  upper  Cambrian. 

COPLAY  LIMESTONE. 

The  Allentown  dolomites  and  dolomitic  limestones  are  succeeded 
by  a series  of  dark  blue  heavy  bedded  dolomitic  limestones  passing 
upwards  into  thinner  beds  of  mottled  magnesian  limestones  with 
interstratified  beds  of  nearly  or  quite  pure  limestone,  the  pure  lime- 
stone beds  increasing  in  frequency  as  the  upper  portion  of  the  series 
is  approached,  until  in  the  upper  300  or  400  feet  they  predominate. 
The  dolomite  beds  can  be  readily  told  from  the  purer  limestone  beds 
by  their  lighter  color  and  by  their  greater  hardness  and  brittleness 
which  latter  property  can  be  judged  of  by  their  jointed  character. 
The  joints  in  these  hard,  brittle  dolomite  beds  are  numerous,  i.  e., 
rather  closely  spaced,  and  are  filled  with  white  quartz,  calcite  or 
pearl  spar,  one  or  all.  Numerous  quarries  have  been  opened  in 
this  upper  portion  of  the  Coplay  limestone,  the  stone  being  used  for 
flux,  burned  for  lime  and  taken  to  the  neighboring  cement  plants  to 
be  used  in  the  manufacture  of  cement.  The  large  quarry  of  the  Law- 
rence Portland  Cement  Company,  one-half  mile  north  of  Catasauqua 
has  been  opened  in  these  beds.  (Plate  V,  A.) 

A few  of  the  beds  in  the  upper  portion  of  the  Coplay  limestone  are 
highly  fossiliferous  so  that  there  is  no  lack  of  data  for  determining 
the  age  of  the  beds.  Common  among  these  fossil  forms  are  large 
gasteropods  of  the  genus  maclurea,  smaller  spirally  coiled  gastero- 
jmds,  pronounced  by  Mr.  Ulrich  to  be  Liospira  and  Helicotoma.  Also 
orthocone  cephalopods  in  considerable  numbers,  so  that  these  beds 
may  be  considered  to  be  of  undoubted  ordovician  age  and  probably 
lower  Ordivician  or  Beekmantown. 

Above  the  Coplay  limestone  separating  it  from  the  next  younger 
formation,  the  Nazareth  limestone,  there  appears  to  be  a rather  pro- 
nounced erosional  unconformity,  so  that  the  thickness  of  the  Coplay 
formation  is  somewhat  variable.  It  appears  nowhere  to  be  over 
1,000  feet  thick. 

NAZARETH  LIMESTONE. 

Succeeding  the  Coplay  limestone,  which  on  the  whole  is  prevailingly 
magnesian,  comes  a series  of  beds  which  in  point  of  thickness  and 
continuity  is  vastly  inferior  to  the  limestone  formations  previously 
described,  being  rarely  if  ever  over  200  feet  thick  and  diminishing 
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from  that  maximum  to  zero.  From  an  economic  standpoint,  how- 
ever, this  comparativeh"  insignificant  series  of  pure  limestone  beds,  is 
a most  important  factor  in  ceanent-making  tlironghout  the  district, 
for  tlie  reason  lhat  much  of  tlie  so-called  “Cement  Eock”  which  over- 
lies  the  Fazareth  limestone  and  which  is  the  chief  source  of  cement- 
making materials,  is  too  low  in  its  lime  content  for  the  manufacture 
of  cement  and  must, therefore, have  pure  limestone  added  to  it  to  bring 
Hie  lime  in  the  mixture  of  raw  materials  up  to  the  proper  percentage. 
As  a result  of  these  conditions  large  amounts  of  limestone  are  con- 
sumed, and  the  search  for  a pure  article  in  large  amounts  has  been 
very  keen  so  that  the  majority  of  the  limestone  ipiarries,  the  product 
of  which  is  used  in  the  manufacture  of  cement,  have  been  opened  on 
these  beds. 

The  beds  of  Ibis  series  vary  somewhat  in  lithological  character  and 
chemical  composition.  In  color  and  texture  they  Amry  from  light 
gray,  tine  even  granular  rocks,  to  rather  dark  almost  black  coarsely 
crystalline  limestones  in  which  the  crystals  of  dark  calcite  are  large 
enough  to  show  distinct  rhombohedral  cleaAmge  surfaces.  These 
coarsely  crystalline  beds  are  apt  to  be  liighly  fossiliferous.  Towards 
the  top  of  the  series  beds  of  distinctly  slatey  (argillaceous)  limestone 
make  their  a])pearance,  Avhich  beds  mark  the  transition  to  the  next 
succeeding  formation,  viz.:  the  Lehigh  Limestone. 

As  regards  chemical  composition  the  beds  vary  considerably  as 
may  be  seen  from  the  tAvent-nine  analyses  given  below.  Each  of  these 
analyses  is  of  a separate  bed.  The  samples  were  taken  from  three 
adjacent  quai-ries  located  about  tAvo  miles  Avest  of  Catasauqua,  and 
illustrate  very  Avell  the  changes  in  chemical  composition  of  the  Naza- 
reth limestone.  The  lieds  from  Avhich  the  samples  Avere  taken  aggre- 
gate about  75  feet  in  thickness,  and  the  samples  Avere  taken  as  num- 
bered from  l>eloAV  up.  Only  the  percentages  of  carlxmate  of  lime 
mid  magnesia  are  given,  the  remainder  being  chiefly  silica  and 
alumina  Avith  some  iron. 


ANAI.YSES  OF  TUB  NAZARETH  LIMESTONE. 
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17 
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04.00 
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IS 
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4 
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19 
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5 
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20 
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21 
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7 
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8 
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23 
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27 
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13 
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2.86 

28 

70.90 

1.92 

14 
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1..51 

29 

88.90 

2.10 

15 

95.10 

1.92 
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Most  of  these  beds  are  reasoiiald.v  pure  limestone  and  could  he 
used  in  ceuieut-iuaking',  though  none  of  them  are  of  first  class 
(luality,  such  as  the  famous  Anvil  limestone  which  maintains  a 
content  of  98  per  cent  of  calcium  carbonate.  Some  of  the  individual 
beds,  as  indicated  by  analyses  8,  111,  11,  22,  and  2(),  are  mmh  too 
high  in  magnesium  carbonate,  more  than  5 per  cent,  being  prohibitive 
for  cement  manufacture.  The  average  run  f)f  these  (juarries,  how- 
ever, would  not  exceed  3 or  4 per  cent  so  that  their  entire  output 
could  be  utilized  without  ‘Ambbing'’  or  sorting  out  of  the  high  mag- 
nesian rock.  These  analyses  give  a very  good  idea  of  the  chemical 
comi)osition  of  the  Nazareth  limestone  throughout  the  district. 

The  Nazareth  limestone  by  the  increase  in  fre(iuency  and  thick- 
ness of  the  slatey  or  argillaceous  beds  in  its  upi)er  portion,  passes 
over  so  gradually  into  the  next  succeeding  formation,  viz.: 
The  Lehigh  limestone,  that  it  is  difficult,  if  not  impossible,  on  litho- 
logical ground  alone  to  separate  the  two  formations.  On  the  accom- 
panying map,  those  beds  of  the  lithological  and  Chemical  character 
just  described,  lying  in  the  horizon  between  the  rather  highly 
argillaceous  Lehigh  limestone  above  and  the  more  prevailingly  mag- 
nesian Coplay  limestone  beloAV,  have  been  represented  as  a single 
geologic  formation,  because  they  do  form  a reasonably  well  defined 
geologic  unit,  and  the  writer  feels  contident  that  in  the  final  de- 
cision of  the  matter  on  paleontologic  ground,  these  beds — or  some 
of  them — will  be  regarded  as  a distinct  formation  or  stage,  of 
Black  Eiver  or  possibly  lower  Trenton  age.  Fossils,  though  abundant 
in  certain  of  the  beds,  are  poorly  preserved  and  are  usually  indis- 
tinguishable except  on  weathered  surfaces.  Certain  of  the  beds 
apijear  to  be  wholly  made  up  of  organic  remains  of  which  slender 
crinoid  stems  are  often  the  most  abundant. 

The  Nazareth  limestone  to  the  east  of  the  Delaware  Eiver  in  New 
Jersey  has  been  shown  by  Kummel  and  Weller  to  be  separated  from 
the  underlying  dolomitic  limestones,  which  Ave  now  believe  to  be  of 
Beekmantown  age,  by  a distinct  non-conformity.  The  basal  member 
(>f  this  formation,  considered  by  them  to  be  the  eipiivalent  of  the  Tren- 
ton, has  been  clearly  shoAvn  to  consist  of  a limestone  conglomorate, 
described  as  the  ‘‘Basal  Conglomerate,”  Avhich  mai-ks  the  lower 
boundary  of  this  formation.  West  of  the  Delaware  Eiver  this  basal 
conglomerate  can  not  be  clearly  traced,  partly  because  the  rocks  are 
badly  covered  along  this  horizon,  and  partly  because  of  folding,  over- 
turned iiortlnvard,  accompanied  a])])arently  by  thrust  faulting 
by  reason  of  Avhich  its  hnvest  ])ortion  is  entirely  oltscured.  On 
account  of  the  more  soluble  character  of  these  ])urer  limestones  both 
in  the  u])[)er  Coplay  and  in  the  Nazareth  formations,  the  horizon  in 
which  these  rocks  occur  is  apt  to  be  re]»resented  by  a distinct  de- 
pression deeply  covered  with  waste  material. 
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LEIllGlI  LIMESTONE.  “CEMENT  ROCK.” 

As  previously  slated,  (lie  upjier  portion  of  the  Nazaretli  limestone 
is  ehararterized  by  lliin  beds  of  a slialy,  higlily  argillaeeons  limestone. 
Tliese  slialy  beds  increase  both  in  thickness  and  in  frequency  of  oc- 
currence towai-d  the  extreme  upper  portion  of  the  formation,  where 
by  a somewliat  sudden  transition  they  pass  over  into  a shaly,  highly 
ai’gillaceous  series  of  limestones,  in  which  the  bedding  is  indistinct  or 
unrecognizable.  The  beds,  where  distinquishable,  are  usually  much 
thicker  lhan  in  (he  underlying  Nazareth  series. 

The  rock  is  at  times  gray  in  color  and  shaly,  breaking  into  small 
flat,  irregular  or  pencil  shaped  fragments;  at  times  dark  drab,  al- 
most black  and  distinctly  slaty  in  charactei*,  breaking  into  broad 
flat  pieces,  having  a distinct  irridescent  sheen  in  the  cleavage  sur- 
face due  to  miscroscopic  scales  of  graphitic  material.  It  is  to  this 
rock  that  the  name  ‘‘Cement  Kock”  is  generally  applied  throughout 
the  district  and  for  which  the  name  Lehigh  limestone  is  proposed, 
in  as  much  as  it  reaches  its  maximum  development  where  it  crosses 
the  Lehigh  Eiver,  and  for  the  further  reason  that  it  is  universally  used 
in  the  manufacture  of  cement  throughout  the  so-called  “Lehigh  Dis- 
trict.” 

As  to  thickness  it  is  rarely  more  than  200  feet  and  in  jilaces  disap- 
pears altogethei-.  A glance  at  the  map  Avill  show  Iioav  varialde  it  is. 
The  complete  disajipearance  of  both  the  Nazareth  and  the  Lehigh 
limestones  in  jilaces,  notably  West  of  the  Lehigh  Eiver,  can  be  best 
explained  by  assuming  that  during  Black  Elver  and  Trenton  times, 
deposition  through  this  region  Avas  at  first  off  shore  in  clear  waters, 
during  which  time  the  Nazareth  limestone  Avas  deposited.  Or  Ave 
may  assume  that  the  neighboifing  continent  Avas  so  Ioav  that  little  or 
no  erosion  was  jiossible  and  that,  therefore,  no  deposition  of  terri- 
genous materials  could  take  place  along  its  shores,  thus  leaving  the 
sea  margins  Avholly  free  for  the  deposition  of  organic  remains  in  the 
form  of  calcareous  hard  parts  of  different  marine  forms.  This  period 
of  erosional  stagnation  may  liaAm  been  succeeded  by  a jieriod  of  genlle 
uplift,  after  AA’hich  only  the  finest  and  most  thoroughly  Aveathered 
materials  Avould  be  SAvmpt  from  the  land  surface.  These  impalpably 
fine  clayey  materials  Avould  be  mingled  Avith  the  calcareous  materials 
still  accumulating,  and  be  deposited  simultaneously  Avith  them,  form- 
ing the  argillaceous  limestones  of  the  Lehigh  variety.  There  appeal  s 
to  be  no  real  unconformity  betAveen  the  highly  calcareous  Nazareth 
beds  and  the  highly  argillaceous  Lehigh  beds  above  (hem,  though 
conditions  of  sedmentation  seem  to  luiAm  changed  rajiidly  from  point 
to  point  Avithin  slioid  distances,  so  that  materials  (piite  different  in 
character  Avere  deposited  simultaneously  in  adjacent  areas  of  only 
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a few  miles  in  exieiil,  and  sni)se([ne.nf  invesl igal ieii  may  show,  lhal 
some  beds  liere  mapped  as  jSiazarelli  limestone  are  really  syncliro- 
nons  'witli  the  Lehigh  limestone  or  vice  versa. 

The  interru[)ted  eharacter  of  the  beds  of  the  Nazai-elh  and  Ijehigh 
limestones  may  he  exidained  by  assnming  that  local,  tojiipoiary 
land  conditions  existed  vrhere  they  are  lacking.  The  isolated  ])at<'hes 
of  these  rocks  are  so  near  together  that  this  hardly  seems  in-ohahle. 
The  most  natural  way  of  explaining  the  decidedly  patchy  character 
of  these  formations  is  by  postulating  a period  of  elevation  and  snli- 
aerial  erosion  at  the  close  of  the  Trenton  period,  during  which  these 
formations,  the  iS’azai-eth  and  Lehigh  limestones,  were  entirely  ei'oded 
in  spots,  leaving  patches  of  them  here  and  there.  Then  followed  Hu; 
long  period  of  submergence,  during  which  the  rocks  of  the  next  period, 
the  Martin.sbnrg  shales,  were  deposited. 

As  regards  age  these  beds  are  uinpiestionably  the  ecpiivalont  of  the 
Trenton  series  in  IS^ew  York. 

The  chemical  composition  of  the  Lehigh  limestone,  though  (inite 
variable  from  bed  to  bed  within  distances  of  a few  feet,  is,  particularly 
in  its  lower  portion,  admirably  adapted  for  the  manufacture  of  Port- 
land Cement.  A mixture  of  I'aw  materials  suitable  for  the  manufac- 
ture of  the  best  Portland  Cement  should  have  about  the  following 
chemical  composition : 

SiOg  13.32  per  cent. 

AloOg  (Some  Fe)  (1.07  ])er  cent. 

CaCCs  73.  to  74.00  per  cent. 

IMgCtL  3.84  per  cent,  not  over  5.00. 

The  lime  carbonate  is  here  perhaps  a litlle  high.  In  actual  ])rac- 
tice  the  raw  mixture  before  burning  has  between  73  and  74  per  cent, 
of  carbonate  of  lime.  Qiiite  generally  throughout  the  district  the 
beds  of  the  lower  portion  of  the  Lehigh  limestone  while  Amryiug  con- 
siderably and  ra])idly  within  short  distances,  in  their  general  aver- 
age chemical  com])osition,  have  precisely  the  composition  refpiired  in 
ttie  manufacture  of  this  article,  so  that  from  the  same  cpiarry  all 
the  materials  desired  for  its  manufacture  can  be  obtained.  In  other 
instances,  however,  limestone  or  clay  must  be  added  to  produce  the 
]»ro])er  mixiure. 

The  vai-iation  in  chemical  comjiosition  of  the  beds  which  go  lo 
make  up  the  Lehigh  liiniestone,  is  well  illustrated  in  the  thirty 
anah’ses  given  below,  which  were  made  from  as  many  samples  taken 
ten  feet  apart  in  sinking  three  drill  holes,  each  to  a depth  of  one  hun- 
di-ed  fc^et.  These  drill  holes  were  made  to  tt\st  the  character  of  the 
cement  rock  which  lies  immediately  above  the  beds  of  Nazareth  lime- 
stone, 29  analyses  of  which  are  given  on  ])age  28. 
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ANALYSES  OF  THE  LEHIGH  LIMESTONE  (CEMENT  ROCK). 

Drill  Hole  No.  1. 


Depth. 

10 

feet. 

20 

feet. 

so 

feet. 

40 

feet. 

CO 

feet. 

(» 

feet. 
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feet. 

SO 

feet. 

90 

feet. 
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feet. 
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12.40 
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1.5.. 54 

.U,  Fe^Oa,  

e.88 

7.48 

7.60 

7.02 

2.68 

1.80 

2.88 

4.50 

3.26 

3.56 

CoOOa,  

G0.7G 

60.  .51 

63.17 

64.08 

68.41 

86.28 

79.06 

67.51 

74.73 

70.76 

MgOOs,  

3.06 

.3.36 

4.18 

4.12 

14.11 

4.00 

4.36 

5.28 

7.90 

8.. 54 

Drill  Hole  No.  2. 


SiOa,  

20.16 

17.12  : 1.5.48 

15.44 

15.60 

15.14 

23.06 

19.42 

11.58 

18.16 

Al,  FaOa,  

6.70 

8.94  7.74 

8.. 56 

7.92 

7.74 

8.48 

7.32 

4.40 

S.76 

CoCOa,  

64.26 

65.7!)  1 69.49 

68.32 

69.31 

0S.9S 

61.. 55 

66.03 

76.35 

59.93 

UgCOa,  

4.00 

4.70  4.38 

4.36 

4.29 

4.55 

3.55 

4.23 

6.42 

14.32 

Drill  Hole  No.  3. 


SiOj,  

10.00 

20.40 

24.90 

19.78 

18.42 

15.96 

23.90 

18.32 

15.14 

13.10 

Al,  FeaOs,  

9.:u 

8.. 52 

8.64 

7.82 

8.86 

7.66 

8.26 

7.48 

7.30 

4.41 

CaCOa,  

64.89 

64.62 

60.29 

65.34 

64.62 

68.87 

58.75 

67.. 33 

70.58 

72.29 

MgCOa 

4.11 

4.24 

4.11 

4.05 

4.47 

4.. 30 

3.98 

4.39 

4.29 

8.60 

Ill  tliese  analvsi's  it  will  lie  noted  tliat  the  carbonate  of  lime  con- 
tent in  the  niajoritv  of  cases  ranges  from  (>()  to  70  per 
cent.,  whicli  is  too  low  for  cement-making  ]»urposes.  Where 
rocks  of  Ibis  cliaracter  are  used  as  is  the  case  in  a nnm- 
her  of  (piarries  throughout  the  Lehigh  District,  considerable 
amounts  of  pure  limestone,  and  correspondingly  large  amounts 
of  less  ])iire  limestone,  must  be  added  to  bring  the  mix- 
ture of  raw  materials  ii])  to  the  iiroper  percentage  of  calcium 
carbonate,  viz.;  73  to  74  jier  cent.  (A  mixture  carrying  73.8  jier 
cent,  of  calcium  carbonate  will  make  a cement  having  (>2.5  per  cent, 
of  lime,  which  is  about  right).  For  every  one  per  cent,  which 
cement  rock  lacks  of  this  amount  of  carbonate  of  lime,  five  per  cent, 
by  weight  of  jnire  limestone  must  be  added  to  make  the  ])roper  niix- 
liire.  For  exanijile,  if  the  rocks  of  a ipiarry  average  but  (iS  jier  cent, 
of  carbonate  of  lime,  it  necessitates  the  addition  of  30  per  cent,  of 
jmre  limestone,  and  a correspondingly  larger  amount  of  less  pure 
limestone  (74 — (;Sxr)=30).  The  purer  limestone  of  the  Lebanon 
^'alley,  known  as  Anvil  limestone,  which  is  used  by  some  manufac- 
turers of  cement  in  prefei-ence  to  the  native  limestone  of  the  Jv'aza- 
reth  variety,  contains  about  98  per  cent,  of  carbonate  of  lime,  while 
the  native  or  Nazareth  limestone  let  us  assume  will  average  but  88  per 


cenl.  ()))vi<)usly  loss  ol'  (lio  Anvil  tlian  of  Iho  native  or  Nazareth 
lime  stone  u'onhl  he  re(iniie(l  to  hring  a (JS  per  cent,  cemeiit  rock  np  to 
the  re<piire(l  j)ercentage  of  carbonate  of  lime.  The  relative  amounts 
of  Anvil  limestone  (with  1)8  per  cent,  carbonate  of  lime),  and  of 
native  i.  e.  Nazaretli  or  Coplay  limestone  (with  hnt  SS  per  cent, 
carbonate  of  liniei  whicli  would  he  recpiired  to  make  a pi-oper  mix- 
ture, wliere  cement  rock  carrying  hnt  tiS  per  cent,  carbonate  of 
lime  was  available,  can  be  shown  by  the  following  calcnlatious: 

74— CS  G 

= — — 2~i  per  cent,  of  Anvil  limestone. 

98—74  24 

74— G8  6 

= — = 42.8  per  eent.  of  Native  limeistone. 

88—74  14 

This  wonld  mean  that  a cement  plant  mannfactnring  3,0t)l)  barrels 
of  cement  daily  from  rock  carrying  only  G8  per  cent,  of  carbonate  of 
lime,  wonld  consume  bnt  240  tons  of  Anvil  limestone  whereas  if 
Native  rock  were  nsed  411  tons  Avonld  be  required.  This  calculation 
is  based  on  the  fact  that  it  takes  about  640  pounds  of  the  raAV  mix- 
ture to  make  a barrel  of  cement.  Many  of  the  plants.  ])articnlarly 
those  along  the  Lehigh  Liver  and  to  the  IVest  of  it,  depend  on  the 
Native  limestone  for  their  needed  supply,  in  which  region  the  Naza- 
reth limestone  is  well  develojx'd  and  favorably  disposed  for  quarrying. 
In  some  cases  the  cement  companies  ovm  and  o])ei-ate  separate 
quarries  for  cement  rock  and  limestone,  in  oilier  cases  they  jmrchase 
their  limestone  from  ])rivate  owners  of  good  limestone  quarries.  The 
eom])anies  whose  projierties  are  more  favorably  located  on  Ihe  boun- 
dary between  the  Nazareth  and  the  Lehigh  limestones  may  ])ossibl  v 
obtain  the  materials  necessary  for  cement  making  from  the  same 
quarry.  In  New  Jersey  where  the  Nazareth  limestone  is  jioorly  de- 
veloped or  fails  altogether,  it  becomes  necessary  to  bi-ing  limestone 
from  a considerable  distance.  There  Anvil  limestone  is  used  in  con- 
siderable quantities.  Trial  has  been  made  of  the  jtrecambrian  crystal- 
line white  limestone  of  the  Franklin  Furnace  variety  but  it  has  not 
proven  altogether  satisfactory  on  account  of  its  high  jiercentage  of 
silica  and  the  difficnlty  of  grinding  it.  The  cost  of  native  limestone 
where  it  is  hauled  any  considerable  distance  is  about  GO  cents  per  ton 
plus  cost  of  unloadng.  while  the  usual  charge  for  the  Anvil  varietv 
is  about  |1.10  ])er  ton.  The  average  of  the  native  rock  in  carbonate 
of  lime  is  about  88  ])er  cent,  while  the  Anvil  limestone  carries  uni- 
formly about  98  per  cent.  It  will  be  easily  seen  that  while  the  native 
rock  is  cheaper,  more  of  it  is  required  than  of  the  Anvil  rock  and 
where  long  hauls  of  the  native  rock  are  necessary,  the  Anvil  lime- 
stone may  be  as  cheap,  or  cheaper. 
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Below  ai’e  given  additional  analyses  of  the  Lehigli  limestone  or 
eement  rock  from  (jnavries  located  between  the  Leliigh  and  Delaware 
.Biver  and  in  New  Jersey  . 

Analysis  No.  1 — Bock  liigli  in  lijiie. 

Bi(B  11.32 

Al+Fe  4.5() 

CaCtO.  TS.bd 

MgfXlg  3.07 


90.07 

Analysis  No.  2 — Bock  a little  low  in  lime,  requiring  addition  of  but 
a little  limestone  before  burning. 

Silica  14.08 

AD]  Fe  7.-50 

CaCO,,  73.12 

. MgCOg  4.-56 

90.26 

The  above  analyses  were  made  from  sample  taken  from  the  same 
(piarry.  No.  1 c(  ntains  nearly  the  maximum  of  carbonate  of  lime 
for  the  Taliigh  limestone  while  No.  2 contains  vei-y  nearly  the  ])ro])er 
amount  for  cement  making. 

Ana.lysis  No.  3 — Bock  low  in  lime. 

Silica  15.73 

AH-Fe  l'-92 

CaCOg  70.75 

MgC()3  3.77 

98.17 

Analysis  No.  4 — Bock  still  lower  in  lime. 

SiO.,  23.03 

Fed-Al  8.74 

CaCOg  62.02 

MgCO,  4.68 


98.47 
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Analyses  3 and  4 weie  also  made  I'l  om  dili'ereni  beds  in  I he  same 
(inan-y.  Jb)(li  are  low  in  lime  carbonate. 

Analysis  No.  5 — ttock  a little  bigb  in  lime. 


SiO,  . 
Al+Fe 
CaCOs 
MgCO, 


13.88 
t)..58 
7."). 75 
2.7t) 


Analysis  No.  G — Rock  a little  low  in  lime. 

SiO.  

Al+Fe  

OaCOg  

MgC03  


!18.8S 


15.31 

7.4!) 

71.G9 

3.91 


98.40 

Analyses  5 and  6 were  made  from  different  beds  in  the  same  qnarry 
and  it  will  be  seen  that  by  mixing  these  extremes  in  proper  propor- 
tions the  desired  amount  of  line  carbonate  could  be  obtained. 

As  a rule  no  cement  rock  having  less  than  70  per  cent,  of  carbonate 
of  lime  is  used  in  cement  manufacture  for  the  reason  that  too  much 
pure  limestone  must  be  added  to  make  a well-balanced  mixture. 
The  lack  of  an  abundance  of  good  limestone  throughout  the  district 
is  perhaps  the  greatest  hindrance  to  the  manufacture  of  cement.  Now 
that  competition  has  become  so  keen  on  account  of  the  tremendous 
growth  of  the  industry,  resulting  at  times  in  over-production  and  in 
the  inevitable  fall  in  price  of  the  finished  product,  only  those  plants 
find  it  possible  to  continue  the  manufacture  of  cement  v/ith  a com- 
fortable margin  of  profit  which  are  so  favorably  located  as  to  have 
all  of  their  raw  materials  at  hand.  The  additional  ex])ense  of  shij)- 
jiing  limestone  in  considerable  amounts  might  make  all  the  difference 
between  a successful  and  an  unsuccessful  business  project,  ilecenfly 
this  com])etition  has  been  heightened  by  the  manufacture  of  slag 
cement  in  considerable  (piantities,  the  chief  producer  being  the  United 
States  Steel  Corporation,  whose  plant  is  located  at  Pittsburg. 

Toward  the  upper  part  of  the  Lehigh  limestone  formation,  the  con- 
tent in  carbonate  of  lime  drops  to  between  50  and  60  per  cent,  and 
the  rocks  become  distinctly  slatey  in  character  and  resemble  the 
over-lying  Martinsburg  Shales.  These  upper  beds  are  altogether  too 
low  in  lime  to  be  used  in  the  manufacture  of  Portland  cement,  thougji 
formerly  they  were  utilized  in  the  manufacture  of  the  highly  allumi- 
nous,  quick  setting,  slow  hardening  cement  of  the  Eosendale  variety. 
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JIARTINSBURG  SHALE. 

■W’e  liave  seen  Hiat  shallow  walei-  condiiions  prevailed  during  llie 
deposition  of  most  of  Cambrian  and  early  Ordovician  sedimenls  and 
(haf  temporary  land  conditions  of  such  short  duration  as  not  seriously 
to  interrupt  the  processes  of  sedimentation  also  probably  prevailed. 
The  most  conspicuous  of  these  unconformities  occurs  between  the 
Cojhay  and  Nazai-eth  limestones.  That  another  of  these  somewhat 
]»rononnced  erosional  ]»eriods  occurred  at  the  clo.se  of  Trenton  time, 
after  the  Lehigh  limestone  had  b'een  dei)Osited,  seems  probable, 
chiefly  because  of  the  interrn]»ted  or  discontinuous  character  of  the 
Lehigh  and  Xa/.areth  limestones.  At  numerous  pf)iuts  West  of  the 
Lehigh  Liver  the  Martinsburg  shale  is  found  immediately  in  contact 
with  the  Coplay  limestone.  In  some  cases  this  ai)pears  to  be  due  to 
faulting.  In  other  cases,  as  along  the  North  and  South  border  of 
Huckleberry  Eidge,  West  of  Allentown,  faulting  ap])ears  to  be  out  of 
the  question  and  this  jiromotory  or  jieninsula  of  slate  seems  to  lie 
unconformably  on  the  underlying  Coj)lay  limestone.  It  seems  ])rob- 
al)le  that  another  ])eriod  of  subaerial  erosion  intervened  at  this  time 
and  was  of  long  enough  duration  to  entirely  remove  both  the  Lehigh 
and  the  underlying  Nazareth  limestcmes  in  places.  If  this  be  time 
we  may  further  postulate  a temporary  elevation  of  at  least  the  margi- 
nal portions  of  the  Trenton  sea  bottom  above  the  surface  of  the  water 
and  a migration  of  the  shore  line  of  the  South-easterly  lying  conti- 
nental land  mass  toward  the  Northwest. 

Then  followed  a period  of  dejn-ession  Avith  a migration  of  the  shore 
line  lo  the  Southeast,  and  the  deposition  of  the  rocks  of  the  succeed- 
ing formation,  auz.  ; Martinsburg  shales. 

The  rocks  of  this  formation  Avhich  are  iirevailingly  shales  and  slate 
Avith  sandy  beds  in  the  n])per  portion,  are  descril)ed  in  the  Eennsyl- 
vania  surA^eys  under  the  name  Utica  and  Hudson  River  shales,  or  for- 
mation No.  III. 

The  formation  Avas  named  from  a locality  Avhere  it  is  typically  de- 
veloped, viz.;  Hartinslmrg,  W.  Vn.  It  extends  to  the  Northeast  from 
that  locality  through  Eenusylvania  and  Northern  New  Jersey,  Avhere 
the  same  formalional  name  has  been  a])plied  by  the  Noav  Jersey  State 
Ceological  Survey. 

IMost  of  the  rooting  slate  lU'oduced  in  Eeunsylvania  conies  from  this 
formation.  In  1908  Pennsylvania  (piarried  nearly  (>2  jier  cent,  of 
all  the  roofing  slate  ])roduced  in  the  United  States,  nearly  all  of 
AAdiich  came  from  the  region  betAveen  Slatington  and  Bangor  in 
Lehigh  and  Northamj»ton  Counties.  Northanqiton  county  alone 
produced  74  j er  cent,  of  the  PennsylAmnia  ju-oduct,  and  nearly  4G 
per  cent,  of  the  entire  ont-jiut  of  the  United  States.  The  entire  out  put 
of  the  State  in  1908  Avas  valued  at  $3,902,958.  In  addition  to  roofing 
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slate,  this  region  is  tlie  only  producer  of  slate  suitable  for  mill  stock, 
(i.  e.,  black-board  and  school  slatej,  in  the  I’niled  ►States.  The  ecH)- 
noinic  ini])ortance  of  this  formation  is  therefore  aiiparent. 

Tnlike  the  boundaries  bettveen  the  Coplay  and  Nazareth  lime- 
stones, or  that  between  the  Nazareth  limestone  and  the  cement  rock, 
which  are  poorly  detined  on  account  of  the  intercalation  of  the  upper 
beds  of  one  series  with  the  lotcer  beds  of  the  following  series,  the 
boundary  between  the  cement  rock  and  the  Martinsbnrg  shale,  is 
sharply  detined  and  the  transition  is  sudden  and  abrupt.  All  of  the 
rocks  of  the  Lehigh  limestone  series,  even  the  very  poorest  in  lime, 
effervesce  rapidly  with  dilute  hydrochloric  acid  while  the  overlying 
^lartiusburg  shales  do  not. 

A single  bed  of  limestone  has  been  found  interstratirted  with  the 
Martinsburg  shale,  which  occurs  about  lOU  feet  above  the  cement 
rock  horizon.  It  does  not  appear  to  be  continuous  but  seems  to  con- 
sist of  a series  of  lenticular  masses  reaching  a maximum  of  oO  feet 
in  thickness.  It  outcrops  at  a point  one  mile  northwest  of  Cemmen- 
ton  on  Spring  Creek  and  at  two  points  two  miles  west  of  Bath  on 
Catasauqua  Creek.  At  the  latter  localities  it  is  quarried  and  burned 
for  lime  for  fertilizing  purposes.  It  is  impure  and  doloinitic  in  char- 
acter. 

The  thickness  of  the  Martinsburg  shale  is  difficult  to  determine 
because  of  the  extreme  folding  to  which  it  has  been  subjected.  It  is 
probably  not  far  from  3,000  feet.  Its  base  consists  of  a typical 
greenish  gray  flssle  shale  in  which  the  bedding  is  with  difficulty  dis- 
cernible on  account  of  jointing  and  slaty  cleavage.  The  slaty  cleav- 
age dips  (luite  uniformly  at  angles  varying  from  10  to  40  degrees  to 
the  South  East.  There  appear  to  be  two  slate  bearing  horizons,  one 
toward  the  bottom  and  another  toward  the  top  of  the  formation. 

Broadly  speaking,  we  may  say  that,  both  lithologically  and  strati- 
graphically,  the  Martinsburg  Shale  corresponds  rather  closely  to  the 
Utica  and  Hudson  Eiver  shales  of  New  York.  Throughout  the  region 
under  consideration  however,  no  fossils  have  been  discovered,  I)ut  to 
the  Southwest  in  the  same  formation  fossils  have  been  found  which 
:Mr.  Ulrich  of  the  U.  S.  Geological  Survey,  considers  to  be  character- 
istic of  the  Lorraine  of  New  York,  which  Iteds  immediately  folhnv 
the  Utica  Shale.  It  has  been  practically  demonstrated,  therefore, 
that  the  ^lartinsburg  shale  corresponds  closely  with  the  Utica  and 
Hudson  Biver  shales  of  New  York,  and  it  may  be  considered  as  the 
n]q)ermost  member  of  the  Ordovician. 

SILURIAN  SHAWANGUNK  GRIT. 

The  only  formation  of  Silnrian  Age  which  conies  within  the  area 
of  the  map  which  accompanies  this  jiaper,  is  the  Shawangunk  Grit. 
These  beds  regarded  by  the  earlier  surveys  to  be  the  e(piivalent  of 
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the  Oneida  conglomerate  and  the  Medina  sand  stone  of  the  New  York 
series,  compose  the  prominent  ridge  known  as  the  Kittatinny  or  Blue 
Mountain  Eange,  (the  Sonthermost  of  the  Valley  ranges  or  ridges), 
which  forms  a continnons  barrier  along  the  Northwestern  margin  of 
the  Lebanon  and  Kittatinny  Valleys.  The  lower  portion  of  this  for- 
mation consist  of  coarse,  gritty,  rather  heavy  bedded  sandstone; 
somewhat  altered  so  as  to  resemble  quartzite.  These  lower,  somewhat 
pebbly  (piartzite-like  sandstones  pass  upward  into  alternating  beds  of 
red  and  grayish  sandstone  which  frequently  sliow  cross-bedding. 
Occasional  thin  partings  of  dai'k  shale  occur  and  in  the  extreme 
iq)per  porti(m  a single  thin  limestone  horizon  a few  feet  thick, 
occurs. 

These  sandstones,  which  are  between  1,500  and  2,000  feet  thick,  » 
are  the  Southwestern  extension  of  the  Shawaugunk  grits  of  New 
York  and  are  therefore  of  earlier  age  than  the  IMedina.  They  were 
formerly  considered  to  be  coarse  marine  sediments,  deposited  in  an 
encroaching  sea,  but  more  recently  they  have  been  described  as  coal- 
escing alluvial  fan  deposits,  in  part  sub-aerial,  and  in  part,  perhaps, 
sub-marine  or  delta-like,  which  formed  at  the  mouths  of  the  ancient 
Silurian  rivers  where  they  emptied  into  the  sea. 

In  the  preceding  description  of  the  rocks  of  the  region,  little  more 
than  an  outline  has  been  attempted,  but  enough,  perhaps  has  been 
said  to  give  a reasonably  clear  idea  of  the  stratigraphy  of  the  region, 
together  with  the  conditions  attending  the  deposition  of  the  different 
formations.  For  present  purposes  no  mention  need  be  made  of  the 
remaining  portion  of  the  Silurian  system,  or  of  the  thousands  of  feet 
of  Devonian  and  Carboniferous  sediments  which  succeed  the  Shaw- 
angunk  grits.  Our  attention  must  be  confined  quite  wholly  to  the 
geology  of  the  great  limestone  valley. 

STRUCTURE  OF  THE  REGION. 

Folding.  At  the  close  of  the  Permian  period  came  the  great  Appa- 
lachian Revolutio]!  which  folded  the  30,000  to  40,000  feet  of  Paleozoic 
sediments  up  into  a more  or  less  complex  series  of  folds,  the  axes  of 
Avhich  in  the  region  under  consideration  (as  generally  throughout 
the  southeastern  part  of  the  State)  trend  northeast  and  southwest. 
The  force  which  accomplished  this  folding  was  exerted  in  a direction 
f]'om  the  southeast  toward  the  northwest,  the  titanic  character  of 
which  can  best  be  judged  of  by  observing  the  effect  which  it  i)roduced 
upon  the  rocks  of  the  region. 

In  the  area  of  the  Cambrian  limestone,  the  rocks  being  heavier 
bedded,  stronger  and  more  resistant,  yielded  more  by  slight  disloca- 
tion along  joint  plains  and  by  occasional  faulting;  faulting  is  com- 
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Plate  VI  B.  Showing  overturned  fold  in  Coplay  limestone  at  Guth’s  Station, 
Lehigh  County. 
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parativelv  rare  iu  the  Cement  Belt  proper.  The  Ciimbriaii  limestone 
series  was  the  competent  strnctnre  hy  means  ot  which  the  compres- 
sive stresses  were  transmitted  a score  or  two  of  miles  to  the  north- 
west. The  softer  Ordovician  limestones,  with  their  occasional  inter- 
stratified  beds  of  dolomite,  yielded  by  folding,  attended  by  some  fault- 
ing and  more  or  less  flowage  of  the  softer  beds.  It  is  in  these  beds 
that  the  extreme  character  of  the  folding  is  most  clearly  visible.  The 
folds  are  nsnally  closely  oppressed  and  freipiently  overtnrned  to  a 
lii-eater  or  less  degree  to  the  northwest  and  are  occasionally  rectim- 
bent  in  Ibis  direction.  Estimates  nuule  in  one  or  two  (piarries  in  the 
limestone  l)elt  north  of  Catasampia,  show  a crustal  shorlening  of  (! 
to  1.  That  is  to  say,  six  miles  of  originally  horizontal  strata  were 
mashed  together  into  a single  mile.  The  complex  character  of  the 
folding  under  such  conditions  can  easily  be  imagined.  The  accom- 
panying figures  show  the  character  of  the  folding  in  the  Coplay 
limestone. 

In  the  cement  and  slate  belts  alike  the  rocks  are  of  that  weak 
yielding  character  which  resulted  not  only  in  extreme  folding  but  in 
more  or  less  flowage,  so  much  so  that  the  original  bedding  is  usually 
no  longer  distinguishable.  Instead  there  is  everywhere  i)resent  that 
distinct  slaty  cleavage  which  usually  dips  to  the  south.  At  times, 
however,  faint  traces  of  the  bedding  planes  can  be  distinguished, 
Through  the  folds  of  which  the  cleavage  passes  at  all  angles. 

Faulting.  In  the  earlier  accounts  of  the  geology  of  the  Great 
■STTlloy  region,  faulting  was  considered  to  be  wanting  or  of  compara- 
liv^ely  rare  occurrence,  but  a closer  study  of  this  area,  reveals  numer- 
ous faults,  some  of  which  are  of  the  first  magnitude. 

As  a rule  faulting  is  largely  confined  fo  the  pre-camlnlan  and 
early  paleozoic  rocks  which,  on  account  of  their  harder  and  more 
brittle  charactei’,  jdelded  under  deformation  by  faulting  more  fre- 
(piejitly  than  the  softer  rocks  of  the  overlying  formations. 

Two  systems  of  faults  are  easily  discernible,  one  having  a north- 
east, southwest  direction  parallel  to  the  folds  of  the  region.  These 
are  mostly  of  the  type  known  as  thrust  faults,  though  normal  faults 
having  this  trend  are  more  or  less  common.  The  most  cousi)icuous 
of  these  thrust  faults  forms  the  Northern  boundary  of  the  pre-Cam- 
brian rocks  of  Chestnut  Hill  north  of  Easton.  This  fault  has  been 
traced  both  to  the  Southwest,  where  it  foians  the  Northern  boundary 
of  the  small  out-lier  of  gneiss  North  of  Bethlehem,  locally  known  as 
Ihe  “Camel’s  Hump,”  and  to  the  Northeast,  along  the  Northern  mar- 
gin of  Scotts  Mountain  in  New  Jersey,  to  Jenny  Jump  Mountain,  a 
distance  of  22  miles  with  a probable  still  farlher  North  easterly  ex- 
tension. This  thrust  fault  traverses  the  lower  i>aleozoic  rocks  in  a 
somewhat  diagonal  direction,  with  increased  throw  towards  the 
Northeast,  so  that  the  pre-Cambrian  gneiss  cut  across  and  over-ride 
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all  of  the  Cambrian  and  Ordovician  rocks  of  the  valley.  On  the 
Northern  slope  of  Jenny  Jump  Monntain,  about  200  feet  of  black 
I .Martinsbui’g)  shale  may  be  seen  dipping  to  the  Southeast,  under  the 
}»re-Cambrian  gneiss.  Jf  these  shales  prove  to  be  of  Martinsbnrg 
age,  we  have  conclusive  evidence  of  a progressive  thrust  faidt,  in- 
vcdviug  a dis})lacenient  of  thousands  of  feet  and  bringing  the  pre- 
Cambrian  rocks  into  jnxta  position  with  the  ni^permost  member  of 
the  Ordovician,  viz.:  the  Martinsbnrg  shale.  It  will  be  seen  from 
I he  map  that  the  gneiss  of  Jenny  Jump  Mountain  has  a small  area 
of  slate  lying  along  its  Northern  border  from  which  it  is  separated 
by  the  fault  just  described.  This  bit  of  shale,  probably  Martiusburg, 
has  apparently  been  separated  by  erosion  from  the  main  portion  of 
the  IMartinsburg  shale  l.ying  one-half  mile  Northwest  of  it.  It  is 
here,  too,  that  the  Lehigh  and  Nazareth  limestones  disappear,  leav- 
ing but  a narrow  interval  of  less  than  one-half  mile  between  the  main 
Northern  area  of  ’\Iartinsburg  shale  and  the  pre-Cambrian  gneiss  of 
Jenny  Jump  Mountain. 

These  thrust  faults  are  somewhat  frequent  along  the  Northern 
boundary  of  the  pre-Cambrian  gneisses,  and  are  responsible  to  some 
extent  for  the  discontinuous  character  of  the  Ilardyston  Quartzite, 
which  in  places  has  Iteen  faulted  out  of  sight. 

In  addition  to  this  Northeasterly-Southwesterly  series  of  faults, 
lliere  is  a second  series  trending  in  a Northwesterly-Southeasterly 
direction  and  often  intersecting  the  first  series  at  nearly  right  angles, 
llnmgh  sometimes  ratlier  obliquely.  This  second  set  of  fractures  is 
younger  than  the  first  and  may  be  seen  intersecting  and  off-setting 
ihe  Chestnut  Hill  thrust  fault  at  several  places,  notably  at  the  South- 
eastern end  of  Chestnut  Hill,  West  of  Easton,  and  along  the  Northern 
Margin  of  Scott’s  Mountain  South  of  Ifelvidere,  New  Jersey. 


PHYSIOGRAPHY. 

As  previously  stated,  Lehigh  and  Northampton  Counties,  Pa., 
occupy  a portion  of  the  great  valley  extending  across  the  Northern 
part  of  New  Jersey  and  the  Southeastern  part  of  Pennsylvania,  in 
a Noidheasterly-Southwesterly  direction  and  included  between  the 
P.lue  ^Mountain  range  on  Ihe  North  and  the  Highlands  of  New  Jersey 
and  the  Durham  and  Eeading  Hills  of  Pennsylvania  on  the  Soulh. 
That  ])ortion  of  the  Blue  Mountain  range  to  the  North  of  the  valley 
known  as  the  Kittatinny  Kange  is  an.  even  crested  ridge  having  a 
maximum  elevation  of  1,000  feet  above  tide.  The  range  of  hills  on 
the  Soulh  of  the  valley  is  somewhat  more  uneven  in  character  but 
]>resents  a more  or  less  continuous  baiTier-,  nowhere  reaching  an 
altitude  of  more  than  1,000  or  1,200  feet  above  ti<le. 


plain,  and  showing  the  intervening  valley,  the  floor  of  which  corresponds  to  the 
Harrisburg'  peneplain,  in  which  the  river  has  incised  its  present  bed  as  shown 
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Tlie  suininits  of  tliese  two  ranges  are  considered  to  be  reinnauts  of  a 
once  coutinuons  and  nearly  level  surface  or  peneplain  wliicli,  at  the 
close  of  file  (Jretaceoiis  period,  was  of  wide  extent  tlirongliout  the 
Ai>palaciiian  regit)n.  This  ])enei>lain  was  the  resnlt  of  a base-levelling 
process  which  was  in  progress  during  the  entire  Mesozoic  jieriod  and 
which  resnlted  in  bringing  the  entire  land  surface  down  to  a mo- 
notonous or  nearly  level  surface,  out  of  which  protruded  a few  i)ronii- 
nences  such  as  the  I’ocono  Knob.  This  level  surface,  or  plain  of  ercs- 
sion  was  the  result  of  the  stream  and  atmospheric  erosion  which  con- 
t inued  during  the  entire  Mesozoic  era,  and  which  accomplished  a 
complete  cycle  of  erosion,  producing  what  is  known  in  the  eastei-n 
l)oi-tiuu  of  rennsylvania  and  Northern  New  Jersey  as  the  Schooley 
or  Kittatinny  Peneplain,  remnants  of  which  are  to  be  found  in  the 
Pocono  ])laleau  and  in  the  nearly  horizontal  even  crested  ridges  to 
the  iSouth,  notablv  Hchoolev  Mountain  and  the  Kittatinnv  range  of 
Northern  New  Jersey  and  the  ridges  south  of  the  great  valley  already 
mentioned.  At  this  time  the  rivers  of  the  region  flowed  lazih'  over 
this  low-lying,  nearly  level  plain,  to  the  sea.  Their  work  of  degrada- 
tion was  accomplished. 

At  the  close  of  the  Cretaceous  period  there  came  a general  eleva- 
tion of  the  entire  Appalachian  region.  Over  the  area  under  con- 
sideration it  reached  a maximum  of  1,21)0  to  1,500  feet.  This  flat, 
elevated  jdane  of  erosion  which  had  its  maximum  elevation  over  the 
I’ocono  plateau  and  the  Kittatinny  Pange,  sloped  gradually  to  the 
South  and  Southeast,  to  the  sea,  where  it  disappeared  beneath  the 
Cretaceous  sediments  of  central  New  Jersey  between  Trenton  and 
Perth  Amboy.  As  a result  of  this  elevation,  the  rivers  were  given 
a new  lease  of  life,  and  went  at  the  task  of  again  reducing  the  land 
area  to  the  sea  level  'with  the  result  that  they  have  accomplished  only 
a part  of  it,  viz. ; an  erosion  of  the  softer  or  more  soluble  rocks  of  the 
valleys,  leaving  the  harder. rocks  standing  up  as  ridges,  the  summits  of 
which,  as  already  explained,  constitute  remnants  of  the  Old  Schooley 
or  Kittatinny  peneplain,  which  has  been  so  called  from  the  fact  that 
these  two  mountains  in  Northern  New  Jersey,  form  conspicuous 
remnants  of  the  old  Cretaceous  base  level.  This  second  partial  bast* 
levelling  process,  which  resulted  in  the  reduction  of  only  the  softer 
rocks  which  underlie  the  broad  valleys  between  the  valley  ranges, 
so  conspicuously  illustrated  in  the  great  Cumberland-Lebauon-Kil- 
tatinny  Valley  of  Pennsylvania  and  New  Jersey,  created  a second  ]tar- 
lial  itenejdain,  co-extensive  with  the  floor  of  these  valleys,  which  has 
been  called  the  Harrisburg  peneitlain,  for  the  reason  that  the  great 
valley  in  the  region  about  that  cify  is  tyi)ical  of  it.  Since  the  first 
general  elevation  of  1,50))  feet,  there  are  indications  of  a similar 
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general  ii])lft  over  the  same  region  of  about  200  feet,  and  the  rivers  are 
now  cutting  their  way  dOAvn  into  this  second  or  Harrisbui-g  pene- 
plain. 

The  valley  thronghont  the  cement  district,  as  elsewhere,  consists 
of  two  parts — a southern,  coA^ering  the  Caml)ro-Ordoviciau  limestone 
and  dolomite  area  and  having  a general  altitude  of  about  400  feet 
above  tide,  and  a Northern,  coextensive  Avith  the  slate  hills  region,  or 
Marlinsbiirg  Hhale  area.  The  latter  i>a]-t,  OAving  to  the  less  soluble 
and  more  resistent  cliaractei-  of  tbe  shale,  has  a genei-al  elevation  of 
fi-om  000  to  800  feet  above  tide,  or  an  elevation  200  to  400  feet  above 
that  of  the  Southern  limestone-dolomite  area.  'The  i-ocks  used  iu  the 
manufacture  of  cement  are  to  be  found  along  the  boundary  betAveen 
these  two  subdivisions  of  tb.e  valley. 


inSTOEY  OF  THE  ORIGIN  OF  THE  CEMENT  INDUSTRY 
AND  DJOSCRirTION  OF  THE  EARLY  METHODS 
OF  MANUFACTURE. 


DISCOVERY  OF  HYDRAULIC  CEMENT. 

The  Romans  were  the  first  to  use  cement  iu  any  large  Avay,  and 
their  discovery  of  it  was  purely  accidental.  They  found  that  by 
mixing  the  reddish  or  grayish  finely  granular  or  sandy  earth,  Avhich 
occuri-ed  in  thick  beds  about  and  under  the  City  of  Rome,  Avith  lime, 
that  the  mixture  possessed  the  Auiluable  })ro])erty  of  solidifying  into 
a strongly  coherent  mass  Avhich  time  had  only  the  etiect  of  still  fux’- 
ther  hardening  and  that  this  setting  iji-ocess  Avould  continue  under 
warei-  just  as  well  as  in  the  air,  in  fact  that  an  abundance  of  Avater 
seemed  to  facilitate  the  process;  that  the  cement  thus  made  Avas  far 
more  durable  than  ordinary  lime  mortar;  that  mixed  AAnth  broken 
stone  or  crushed  tiling  it  formed  a concrete  Avhich  Avould  outlast  Hie 
most  massiAm  forms  of  stone  masonry  and  continue  to  harden  for 
centuries. 

This  reddish  granular  earth,  called  “PuIaTs  Puteolauus,”  for  the 
reason  that  it  Avas  found  abundantly  about  Puteoli  (noAV  Pozzuoli) 
Avas  the  essence  of  all  of  the  Roman  cements  and  later  came  to  be 
knoAvn  as  Pozzuolana  or  Puzzolana.  Accurately  speaking,  this  Puz- 
zidana  is  volcanic  dust  and  fine  lapillae  Avhich  had  been  bloAvn  from 
neigbboilng  volcanoes  and  Avhich  had  accumulated  in  thick  beds  in 
their  neighborhood.  This  volcanic  material  Avhen  mixed  Avith  lime 
had  Ihe  essential  chemical  ingredieuls  of  the  modern  hydraulic  ce- 
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ments.  It  was  the  mere  accident  of  the  propinquity  of  these  vol- 
canic ash  beds,  materials  calcined  at  high  temperatures  in  the  vast 
subterranean  kilns  of  volcanoes,  which  made  the  Eoman  cements  so 
much  stronger  than  all  others  and  which  gave  them  their  reputation. 
From  the  time  of  the  Eoman  Eepublic  down  to  the  discovery  of  the 
True  nature  of  hydraulic  mortars  as  exhibited  in  Portland  cement, 
Fuzzolana  occupied  a unique  place. 

The  first  modern  hydraulic  cements  were  manufactured  in  England, 
fn  1759  a civil  engineer  by  the  name  of  John  Smeaton,  who  had  been 
engaged  to  build  the  famous  Eddystone  light  house  (which  had  been 
twice  destroyed,  once  by  fire  and  once  by  storm),  and  who  for  that 
purpose  required  hydraulic  cement  which  would  withstand  the  action 
of  sea  water,  discovered  that  by  bnrning  certain  impure  limestones 
containing  from  15  to  25  per  cent,  of  impurities  in  the  form  of 
silica  and  alumina,  a suitable  hydraulic  cement  could  be  produced. 
From  that  time  on  search  was  made  all  over  England  for  hydraulic 
limestones  from  which  to  make  this  valuable  structural  material.  In 
1796  a man  by  the  name  of  Parker  discovered  that  by  burning  cer- 
tain brownish  clay-lime  concretions  called  “bald-pates”  or  “captaria,” 
which  were  found  in  the  shales  of  the  Island  of  Sheppey,  an  excel- 
lent hydraulic  cement  could  be  produced,  and  inasmuch  as  it  re- 
sembled the  ancient  Eoman  cements  it  was  called  “Eoman  cement.” 

The  increasing  demand  for  hydraulic  cements,  however,  combined 
with  the  difficulty  and  expense  connected  with  collecting  the  neces- 
sary amount  of  captaria,  led  others  to  look  about  for  more  abundant 
and  cheaper  materials.  In  1824  Joseph  Aspdin,  a Leeds  bricklayer, 
took  out  a patent  for  an  artificial  cement  which  was  made  by  lightly 
burning  a mixture  of  lime  and  clay.  This  he  called  “Portland 
Cement”  because  of  its  resemblance  when  hardened  to  the  famous 
building  stone  of  the  Isle  of  Portland.  Two  years  later,  viz.:  in  1826, 
Major  General  C.  W.  Pasley,  who  had  been  appointed  lecturer  on 
architecture  at  the  military  school  at  Cathani,  began  a series  of  ex- 
I)eriments,  the  object  of  which  was  to  produce  an  artificial  cement 
which  should  be  equal  or  suj>erior  to  the  so-called  Eoman  cement.  In 
this  he  appears  to  have  been  ignorant  of  Aspdin’s  cement.  In  1830  he 
succeeded  in  making  an  article  which  experimentally  proved  to  give 
perfectly  satisfactory  results.  The  materials  used  were  Medway  clay 
and  chalk.  The  essential  differences  between  these  earlier  forms  of 
hydraulic  cement  and  the  modern  were  in  the  degree  of  calcination 
and  in  the  thoroughness  of  the  mixture  of  the  ingredients.  In  earlier 
processes  the  calcination  was  not  carried,  as  at  present,  to  the  point 
of  incipient  fusion,  which  is  now  recognized  to  be  one  of  the  essen- 
tials in  the  manufacture  of  the  best  grades  of  Portland  cement.  In 
fact  that  part  of  the  burned  material  which  showed  signs  of  fusion 
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was  rejected  and  in  so  doing  they  unwittingly  discarded  the  most 
valuable  product  of  the  kiln ; nor  Avere  the  materials  as  finely 
ground  or  as  thoroughly  blended  before  burning. 

From  tliese  beginnings  sprang  the  rorllaud  cement  industry,  which 
was  at  tii-st  contined  to  England,  but  Avhich  later  spread  to  Belgium, 
France  and  (Termany,  and  Avhich  by  1860  had  become  Avell  established 
on  the  continent. 


OKKUN  ANF  (JRdWTH  OF  THE  CEMENT  INDUSTRY  TN  THE 

UNITED  STATES. 

In  the  meantime  the  demand  in  the  United  States  for  hydraulic 
cements  arose  more  particularly  from  the  need  of  them  in  the  con- 
struction of  canals,  notably  the  Delatvare  and  Hudson,  the  Lehigh 
and  the  Chesapeake  and  Ohio.  It  Avas  quite  natural  therefore  that 
materials  should  be  sought  along  the  courses  of  these  Avater-Avays, 
Avhich  could  be  manufactured  into  the  desired  product.  The  search 
Avas  not  fruitless.  Excellent  hydraulic  limestones  Avere  discovered 
at  Rosendale  and  Rondout  on  the  Hudson,  at  Siegfried  and  Coplay 
on  the  Lehigh,  and  at  Hancock  and  Cumberland  in  Maryland.  These 
impure  argillaceous  limestones  Avere  burned  in  kilns  resemlding  or- 
dinary lime  kilns  at  a temperature  sufficient  to  drive  off  the  carbonic 
acid;  the  burned  product  Avas  ground  to  a flour  and  sold  in  convenient 
packages  as  hydraulic  cement.  At  Rondout  and  Rosendale,  N.  Y., 
large  (juantities  of  this  natural  rock  cement  Avere  manufactured  and 
the  article  Avas  called  “Rosendale  Cement,”  Avhich  term  has  come  to 
be  more  or  less  universally  a})])lied  to  all  similar  natural  cements 
made  by  calcining  natural  liydraulic  limestones  at  low  temperature 
and  grinding  the  product,  no  attempt  being  made  at  an  artificial  mix- 
lure.  During  the  interval  1840-1875,  the  manufacture  of  these  natural 
rock  cements  made  considerable  progress  in  the  United  States. 

It  Avas  not  until  after  the  civil  Avar,  however,  that  true  Portland 
cement  became  knoAvn  in  this  country.  From  1865  to  1876  it  was 
imported  in  small  but  ever-increasing  quantities  from  Europe  until 
its  value  in  constrnction  had  become  well  knoAvn.  Abont  this  time  a 
young  farmer,  DaAud  O.  Saylor  by  name,  Avho  lived  in  Lehigh  County, 
PennsylAmnia,  and  Avho  had  been  engaged  in  a small  Avay  in  the  manu- 
facture of  natural  cement  by  burning  certain  argillaceous  limestone 
Avhich  abounded  in  the  region^  conceiAmd  the  idea  of  manufacturing  a 
true  Portland  cement.  He  enlisted  the  interest  and  skill  of  another 
young  Pennsylvanian,  John  W.  Eckert  by  name,  Avho  had  but  recently 
graduated  from  the  chemical  and  mechanical  engineering  courses  at 
Lehigh  University,  and  together  in  1878  they  succeeded  in  mastering 
llie  problem  in  spite  of  all  the  mystery  and  vigilance  which  surrounded 
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I he  ]>rocess,  and  in  the  Collowint!;  year  (1879)  eons!  landed  llie  lirsi 
I’oidland  eoinent  works  in  the  t’nited  Slates  whicii  ]»rodured  the 
articde  on  a coniniereial  scale.  From  lids  small  l)ej»'inning-  s])ran<>’  one 
of  the  laro-est  and  best  established  Portland  cement  concerns  in  the 
country,  so  well  known  as  the  Cojilay  Cement  Mannfactnidng  Com- 
pany, whose  works  are  located  at  Copiay,  Lehigh  Co.,  where  from  two 
to  three  thonsand  barrels  of  cement  are  now  mannfactnred  daily. 

Shortly  after  the  sncce.ss  of  the  first  project  had  become  assured, 
other  cemeid  (‘omjianies  wei'e  formed  and  began  ojierations  along  the 
Lehigh  Liver  and  in  the  adjacent  townshijis  in  Lehigh  and  Northani])- 
ton  Comities,  for  which  reason  this,  the  original  Portland  cement  iiro- 
dncing  region  of  the  United  States,  became  known  as  the  “Lehigh 
Legion.”  Bnt  during  the  last  two  decades  the  jirodncing  area  has 
been  mncli  extended  eastward  across  Northamiiton  Comity  to  the 
Delaware  Liver,  and  over  the  Pennsylvania  border  into  Warren 
County,  N.  J. ; also  in  a southwesterly  direction  to  Leading,  Pa. 
Within  this  district  there  are  to-day  a score  of  cement  ])lants  with 
cajiacities  ranging  from  SOt)  to  35,000  barrels  per  day  and  rejiresenl- 
ing  a yearly  output  of  over  20,000,000  barrels,  which  is  roughly  s])eak- 
ing  one-third  of  the  total  annual  jirotluction  of  the  United  States  at 
the  present  time. 


COMPOSITIOX  AND  NATUK1-]  OF  IJYDRAULJC  CEMENTS. 

roi  lldiid  Cement.  Portland  cement  is  made  by  grinding  together 
and  to  a very  fine  powder,  a mixture  of  clayey  and  limy  substances 
(the  latter  always  some  form  of  CaCOg).  This  ground  mixture  is 
then  burned  or  calcined  to  the  jioint  of  incipient  fusion,  at  ivhich 
stage  of  the  ju’ocess  it  is  known  as  “clinker.”  This  clinker  is  subse- 
(lueiitly  ground  and  the  ground  product  constitutes  Portland  cement. 
The  mixture,  however,  must  consist  of  certain  definite  projiortions  of 
the  clayey  and  limy  ingredients.  The  cementitious  value  or  strength 
of  the  cement  depends  ujion  the  chemical  union  of  all  of  the  lime  of 
the  limy  ingi-edients  with  all  of  the  silica  (SiO.)  and  all  of  (he 
alumina  (AlgDg)  of  the  clayey  ingredient,  and  there  should  be  jusi 
enough  lime  to  do  this  and  no  more  in  order  to  obtain  the  best  results. 
This  is  known  as  the  high-lime  limit.  Any  excess  of  lime  above  this 
limit  remains  as  uncombined  lime  which  is  ])erhaps  the  most  commo]i 
of  the  dangerous  elements  in  ])oorly  manufactured  cement.  Also  the 
cement  is  liable  to  be  of  inferior  (piality:  (1  ) if  the  materials,  though 
present  in  proper  ])ro])ortions,  are  not  thoroughly  ground  and  inti- 
mately mixed;  (2)  if  insufticiently  burned;  in  (his  case  the  chemical 
union  of  the  lime  with  the  silica  and  with  the  alumina  of  the  clay  is 
not  complete,  so  that  a portion  of  the  lime  remains  behind  as  free 


lime.  Ill  the  latter  case  when  the  cement  is  mixed  with  water  the  lime 
slakes,  swells  and  causes  the  cement  to  crack  or  “blow.”  Cement  of 
this  sort  is  said  to  l)e  nnsonnd.  This  nnsonndness  may  be  honrs, 
months  or  3fears  in  develojnng. 

According  to  Messrs.  8.  B.  and  W.  B.  Newberry*  the  cementing 
principle  of  Portland  cement  was  first  thought  to  be  dne  to  the  for- 
mation nnder  the  intense  heat  of  bnrning,  of  two  chemical  compounds, 
which  later,  on  coming  in  contact  with  water,  lijMrated  and  crystal 
lized.  These  two  compounds  were  determined  to  be  (1)  Tri-calcic 
silicate,  gCaO,  SiOg  and  (2)  Bi-calcic  alnminate,  gCaO,  AloOg,  To  the 
first  of  these  compounds  was  attributed  the  slow  hardening  process 
of  cement  which  extends  over  a period  of  months  or  even  years  and 
to  which  the  final  strength  of  the  cement  is  largely  dne.  To  the 
latter  was  attributed  the  quicker  setting  property  of  the  cement  which 
begins  to  manifest  itself  possibly  a few  seconds  or  at  most  a few 
hours  after  mixing  with  water. 

These  conclusions,  Avhich  are  a modified  form  of  LeChatelier's, 
have  more  recently  been  questioned  by  the  researches  of  Day  and 
Sheppherd,t  who  conclude  that  there  is  no  such  compound  as  tri- 
calcic  silicate,  but  that  the  important  substance  -which  is  responsible 
for  the  setting  properties  of  cement  is  merely  a solid  solution  of 
lime  in  calcium  orthosilicates. 

As  previously  stated,  the  raw  materials  from  which  Portland 
cement  is  usually  manufactured,  are  carbonate  of  lime  in  the  form 
of  limestone,  chalk  or  marl,  and  argillaceous  matter  in  the  form  of 
clay,  slate  or  shale.  Occasionally,  as  in  the  region  under  consideration, 
nature  has  ])rovided  a mixture  of  clay  and  carbonate  of  lime  in  the 
form  of  an  argillaceous  limestone,  or  natural  cement  rock,  which  con- 
tains so  nearh^  the  theoretical  proportions  of  lime,  silica  and  alumina 
as  to  require  but  a small  addition  of  limestone  or  clay  or  slate  to 
make  an  ideal  mixture.  It  may  contain  exactly  the  proper  amounts 
of  these  ingredients,  in  which  case  no  admixture  of  any  kind  is  neces- 
sary. In  the  region  about  Bath  and  Nazareth  in  Northampton 
Country,  much  of  the  cement  rock  is  of  this  character.  Along  the 
Lehigh  the  character  of  the  rock  is  such  as  to  require  the  addition 
of  some  limestone,  which  is  usually  taken  from  the  beds  immediately 
underlying  the  cement  rock.  On  the  DelaAvare  River  at  Martin's 
Creek  the  rock  is  apt  to  be  too  high  in  lime,  which  necessitates  the 
addition  of  slate  refuse  or  clay,  Avhile  in  Warren  County,  N.  J. ; the 
addition  of  limestone  is  necessary,  most  of  Avhich  is  obtained  from  the 
Lebanon  Valley.  In  the  majority  of  cases  the  addition  of  limestone  is 
necessary. 


*Paper  read  before  New  YorTc  Section  of  Society  of  Cliemieal  Industry,  October  22,  1897. 
tJournal  American  Chemical  Society,  September,  1906, 
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Plate  X A.  View  of  the  quarry  of  the  Lehigh  Portland  Cement  Company  at 
Coplay,  showing  old  Atlas  IMill,  and  old  dome  kilns  of  the  Coplay  Cement  Com- 
pany, where  Portland  cement  was  first  manufactured.  Also  a steam  shovel  used 
in  handling  the  cement  rock. 
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THE  EARLIEFI  AND  MORE  RECENT  PROCESSES  OF  MANUFACTURE 
AS  PRACTICED  IN  THE  LEIIIGII  DISTRICT. 


The  oailier  i)rooei>ses  oi'  mauufactnre  in  the  J.ehigh  reghni  were 
similar  to  those  practised  in  England  and  may  briefly  be  descril)ed 
as  follows: 

To  the  hnely  ground  mixture  of  cement  rock  and  limestone  (con- 
taining of  coiirse  the  i>roper  proportions  of  carbonate  of  lime,  alumi- 
na and  silica  i was  added  enough  vcater  to  make  a rather  fluid  mass 
which  was  known  as  “slurry.”  This  slurry  was  spread  out  on  floors 
and  when  somewhat  hardened  by  drying,  was  cut  into  bricks,  which 
were  thoroughly  dried  in  various  ways,  usually  by  piling  them  up 
loo.sely  along  a series  of  steam  pipes.  These  dried  bricks  were  then 
burned  in  kilns,  but  at  a higher  temperature  than  in  burning  ordinary 
lime;  as  a result  the  bricks  were  semi-fused  to  a “clinker.”  The 
clinker  was  crushed,  ground  to  a fine  powder  between  mill-stones, 
and  then  constituted  cement. 

It  would  be  well  to  explain  here  that  most  Portland  cements  set 
too  rapidly.  In  order  to  retard  the  set  two  or  three  per  cent,  of 
sulphate  of  lime,  either  in  the  form  of  gy[)sum  or  plaster  of  Paias, 
is  added,  usually  during  the  grinding  of  the  clinker,  in  order  to  insure 
its  thorough  mixture  with  the  cement. 

Originally  the  kilns  were  of  the  kind  known  as  “dome  kilns”  which 
were  upright  stimcfures  resembling  somewhat  ordinary  lime  kilns  but 
having  the  lines  of  a blast  furnace,  which  ensured  a higlv  temperature 
(white  heat)  during  burning.  Into  these  kilns  the  bricks  were  loaded 
with  alternating  layers  of  coke  or  coal.  After  burning  the  entire 
charge  Avas  drawn,  so  that  the  burning  process  was  intermittent. 

Another  form  of  kiln  came  into  use  later  in  which  the  process  was 
continuous.  The  amount  of  fuel  (which  was  usually  small  coal) 
necessary  for  a proi)er  calcination  of  the  bricks  Avas  small  as  com- 
pared Avith  the  amount  used  in  the  intermittent  kilns.  These  con- 
tinuous kilns  Avere  knoAvn  as  the  Dietsch  Kilns,  and  the  process  of 
calcination  Avas  accomplished  by  stages.  The  Avorking  part  of  the 
kiln  Avas  divided  into  three  chambers,  upper,  middle  and  loAver.  The 
dried  slurry  Avas  loaded  into  the  upper  or  heating  chamber  from 
Avhich  a portion  of  it  Avas  raked  forAAmrd  from  time  to  time  (usually 
every  half  hour  or  so ) into  the  burning  chamber,  where  at  the  same 
lime  fuel  Avas  added  through  separate  eyes,  and  in  AA'hich  the  process 
of  calcining  took  place.  From  this  burning  chamber  the  clinker  was 
allowed  to  settle  into  the  loAver  or  cooling  chamber  Avhich  Avas  im- 
mediately beloAv  and  from  AA’hich  it  was  periodically  draAA’n.  The 
principal  reason  for  the  economy  of  this  kiln  was  the  fact  that  air 
in  passing  upward  through  the  heated  clinker  of  the  cooling  chamber 
was  raised  to  a high  temperature  before  passing  into  the  burning 
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chauibei'  and  on  passing  ont  llirough  llie  iieatiug  coin])ai-tnienl'  served 
10  give  tlie  dried  slurry  a high  initial  temperature.  AVhile  ecdnoniical 
in  tlie  matter  of  fuel,  it  was  expensive  in  other  res[)ec-ts,  more  par- 
ticulariy  in  that  it  needed  constant  and  skilled  attention.  Neither 
of  these  kilns  are  at  present  in  use  in  the  Lehigli  region,  although 
they  niiglit  liave  been  seen  in  operation  fifteen  years  ago. 

The  Co]>lay  Cement  Manufacturing  Company  at  Coplay  is  tlie 
pioneer  I’ortland  cement  concern  of  the  country.  After  the  death 
of  its  founder,  David  O.  Saylor,  his  associate,  John  W.  Eckert,  united 
with  lioliert  W.  Lesley  in  forming  the  American  Cement  Co.;  and  the 
original  plants  of  these  two  companies  furnish  very  interesting  illus- 
trations of  all  of  the  different  processes  which  have  been  employed 
in  the  region,  from  the  very  beginning.  None  of  them,  however,  aro 
at  the  present  time  in  operation,  the  rotary  kiln  having  entirely 
replaced  all  other  methods  of  calcining  the  ground  raw  material. 

The  method  of  manufacture  as  at  present  practiced  throughout 
the  region,  including  the  manner  of  quarrying  the  rock,  can  be  brieliy 
described  as  follows: 

Many  of  the  (juarries  are  located  on  hillsides  and  have  long  low 
working  faces  from  which  the  rock  is  shot  down  in  benches.  Oc- 
casionally the  (piarries  take  the  form  of  a pit  Avhich  extends  vertic- 
ally down  to  the  depth  of  one  hundred  or  more  feet,  the  depth  depend- 
ing upon  the  age  of  the  quarry. 

Inasmuch  as  the  individual  beds  vary  eonsiderabl_y  in  their  lime 
content,  it  becomes  a problem  to  select  from  different  i»arts  of  the 
quarry  such  a mixture  of  rock  as,  Avhen  ground,  shall  approach  most 
closely  the  ideal  mixture.  Usually  a varying  amount  of  pure  lime- 
stone, slate  or  clay  from  a neighboring  oi-  distant  quarry  must  bo 
added  to  prodffce  a well-balanced  mixture,  while  more  rarely  all  of 
Ihe  necessary  materials  can  be  selected  from  the  same  quarry.  Some- 
limes  the  rock  is  loaded  into  small  cars  which  run  from  the  quarry 
face  on  a series  of  temporary  tracks  which  radiate  to  different  part« 
of  the  quarry  from  a convenient  point,  thereby  facilitating  a mixture 
of  the  different  grades  of  rock  in  the  quarry.  The  loading  is  ac- 
complished by  hand  or  rarely  by  steam  shovel  and  the  cars  are  run  by 
gravity  or  drawn  liy  mules  or  cable  or  pushed  by  hand  to  the  mill.  At 
other  times  an  over-head  tram  is  employed. 

At  the  mill  the  rock  is  crushed  usually  in  gyratory  crushers,  ihen 
dried  in  rotary  driei-s  to  which  later  the  necessary  amount  of  lime- 
stone or  slate,  also  previously  crushed  and  dried,  is  added.  After 
further  reduction  the  mixture  ])asses  to  ball  mills  and  from  them  for 
its  final  reduction  to  tube  mills,  after  leaving  Avhich  it  is  conveyed 
to  storage  bins  jireparatory  to  feeding  to  rotary  kilns.  In  some  in- 
stances instead  of  the  ball  and  the  tube  mills  the  reduction  is  ac- 
complished by  the  Griffen  or  Huntingdon  mill.  The  mixture  when 


Plate  XII  A.  View  of  the  quarry  of  the  Nazareth  Portland  Cement  Company 
at  Nazareth,  showing  over-head  tram  for  conveying  cement  rock  to  the  mill. 


Plate  XII  B.  View  in'  the  quarry  of  the  Bath  Portland  Cement  Company.  The 
face  of  the  quarry  at  highest  point  is  about  90  feet. 
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Plate  XIII  A.  Another  view  of  the  Bath  Portland  Cement  Company’s  quarry 
showing  face  of  quarry,  from  60  to  90  feet  high  and  showing  churn  drills  at 
work,  drilling  holes  6 inches  in  diameter  the  full  depth  of  the  quarry  face. 
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Pinto  XIII  15.  'N’iow  north  of  the  Atlas  Coinont  Po's  (jnai-ry  Inokins  nortlioast , 
showiin;  the  slaty  character  of  the  rather  hialily  arsiliaceons  limestone  (cement 
rock).  The  slat.v  cleavage  dips  to  the  south.  'Phe  gentle  nndniations  visible  in 
the  cleavage  are  prodnced  hy  the  cleavage  passing  at  an  angle  across  the  lieds, 
which  here  dip  at  an  angle  of  40°  to  the  north. 
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I’late  XV  A.  Battoi’y  of  42-iiioh  Lehigh  Fuller  mills  iu  the  plant  of  the  Allentown 
I’ortland  Cement  Company  at  Evansville,  I’a. 
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Plate  XV  B.  Battery  of  42-iiich  Lehigh  Puller  mills  in  the  plant  of  the  Allentown 
Portland  Cement  Company  at  Evansville,  Pa. 
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ready  for  roasting  has  such  a fineness  that  from  82  to  90  per  cent.  oC 
it  will  pass  a 100-mesh  sieve.  A recent  development  in  the  form  of 
pulverizing  machinery,  is  the  Fuller-Lehigh  mill,  which  has  been 
installed  in  a number  of  plants  throughout  the  Lehigh  Distrist, 
as  Avell  as  in  others  scattered  throughout  the  United  States.  The  mill 
is  manufactured  by  the  Fuller  Engineering  Company,  home  office  at 
Catasauqua,  Pa.,  who  claim  for  their  new  42  inch  mill  far  greater 
economy  in  the  use  of  power  and  in  cost  of  maintenance  than  can  be 
obtained  from  any  other  pulverizer  on  the  market. 

The  growth  of  the  cement  industry  in  the  United  States  within 
the  j)ast  ten  years  has  been  due  largely  to  the  introduction  of  the 
lotary  kiln,  which  was  invented  by  Hansom  in  England,  about  tweutv- 
five  years  ago,  but  was  never  successfully  operated  by  its  iuventor. 
ft  \\  as  left  to  the  suill  and  persistency  of  American  mechanical  en- 
gineers to  add  the  last  and  greatest  impulse  to  the  industry.  In  1SS8 
the  Atlas  Portland  Cement  Company  at  Northampton,  Pa.,  installed 
the  first  rotary  kiln,  and  after  much  experimenting,  succeeded  in 
operating  it  successfully.  This  kiln  is  a steel  cylinder,  six  or  .seven 
feet  in  diameter  at  one  end  and  tapering  somewhat  toward  the  other. 
As  used  up  to  a few  years  ago,  the  kilns  were  about  six  feet  in  diam- 
eter and  sixty  feet  long.  They  were  mounted  then  as  now  in  a 
slightly  inclined  position,  the  inclination  being  about  three-fourlhs 
of  an  inch  to  a foot.  The  kiln  is  lined  with  fire  brick  ( or  occasionally 
with  brick  made  of  cement  clinker)  to  withstand  both  the  high  tem- 
perature and  to  resist  the  corrosive  efi'ect  of  the  fused  rock.  This 
great  tube  is  mounted  in  two  or  more  riding  rings,  each  ring  on  tvm 
or  four  idlers,  and  made  to  rotate  slowly  at  the  rate  of  about  one 
revolution  in  ten  minutes.  The  ground  mixture  is  fed  in  at  the 
tipper  end  by  a screw  conveyor,  protected  by  a water  jacket.  As 
the  kiln  slowly  revolves  the  ground  rock  works  its  way  down  into  the 
“fire  zone”  toward  the  lower  end  of  the  kiln,  and  is  there  reduced  to 
a semifused  condition  and  in  this  condition  passes  out  at  the  lower 
or  discharging  (larger)  end  in  the  form  of  white  hot  clinker.  This 
lower  end  of  the  kiln  projects  into  a movable  hood  which  acts  as  a 
shield  to  protect  a nozzle-like  burner  through  which  finely  pulverized 
bituminous  coal  is  forced  by  air  blasts.  This  finely  pulverized 
coal  ignites  with  a series  of  explosions,  producing  a temperature  in 
the  firing  zone  of  about  2, ,500°  F. 

In  the  60  foot  kiln  not  more  than  25  per  cent,  of  the  heat  developed 
is  actually  utilized  in  the  burning  of  the  clinker,  the  remaining  7.5 
per  cent,  being  lost.  In  modern  practice  experiments  are  being  made 
with  two  methods  for  saving  some  of  this  wasted  heat. 

1.  The  lengthening  of  the  kiln,  thus  giving  the  material  a longer 
time  in  which  to  absorb  the  heat,  and  at  the  same  time  greatly  in- 
creasing its  capacity. 
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2.  I'assing  the  giiscs  <>f  Ihe  kilu  ihrougli  iiitrighl  ))oilers  and  then 
(hvongli  an  econoiuizei'.  Tins  Jalter  ex[)eiii!ient  lias  yielded  little  oi' 
praclieal  value,  while  ihe  liryt  lias  jivoveii  a success,  and  has  ac- 
couiplished  tlie  saving  in  heat  which  iis  originator,  Mr.  Thomas  A. 
Edison,  predicted  it  would.  As  a result,  the  plants  of  the  region  are 
iiistalling  kilns  120  to  140  feet  in  length.  The  Edison  Portland  Cement 
Co.  at  Stew’artsville,  N.  J.,  began  by  installing  four  150  foot  kilns. 
The  Alpha  Portland  Cement  Co.  have  installed  ten  140  foot  kilns  in 
(heir  new  xdant  at  Martins  Creek.  The  Dexter  Portland  Cement  Co., 
at  Nazareth  is  installing  120  foot  kilns,  while  other  plants  throughout 
Ihe  region. are  installing  kilns  varying  in  lenglh  from  110  to  140  feet. 
It  has  now  been  demonstrated  by  actual  exj)erieuce  that  the  average 
capacity  in  barrels  j)er  day  is  as  follows;  for  a 

GO-foot  kiln,  200  barrels. 

100-foot  kiln,  400  barrels. 

120-foot  kiln,  500  barrels. 

160-foot  kiln,  750  barrels. 

The  writer  is  informed  on  good  authority  that  the  amount  of  fuel 
in  the  form  of  pulverized  coal  required  to  properl^^  calcine  enough 
clinker  to  make  a barrel  of  cement  in  a 

60-foot  kiln  is  110  pounds. 

SO-foot  kiln  is  100  pounds. 

110-foot  kiln  is  90  pounds, 

150-foot  kiln  is  80  pounds. 

"A’liile  the  above  estimates  are  approximate,  and  imiy  vary  some- 
what in  different  mills  and  under  varying  conditions,  it  is  obvious  that 
up  to  a certain  limit  at  least,  the  lenghtening  of  the  kiln  results  in 
an  economy  of  fuel.  To  what  limit  this  lengthening  process  could  be 
profitably  carried  in  actual  practice  is  apparently  undetermined.  The 
general  opinion  which  seems  to  prevail  among  practical  cement 
makei-s  is  that  in  the  140  or  150  foot  kiln  this  limit  has  been  reached. 
The  cooled  clinker  is  a hard,  semi-vitrified,  lumpy  to  finely  granular, 
(lark  greenish-gray  substance  when  properly  burned.  Vv'hen  in- 
sufficiently burned  it  is  In-ownish  in  color. 

The  grinding  of  the  clinker  constitutes  what  is  known  as  the  finish- 
ing })rocess  and  is  accomplished  in  the  same  way  as  the  grindng  of 
the  raw  materials.  The  first  step  in  the  reduction  of  the  clinker  is  ac- 
complished in  the  ball  mills.  Prom  them  it  is  fed  to  tube  mills. 
On  emerging  from  these  it  slunild  be  so  fine  that  90  ])er  cent,  will  pass 
a tot)  mesh  sieve.  In  color  it  should  be  cold  bluisli-gray,  not  brown, 
and  .should  have  a specific  gravity,  when  freshly  ground,  of  3.0  or  3.1. 
After  grinding,  the  finished  product  is  conveyed  to  the  stock  house 
where  it  remains  in  bins  for  a few'  weeks  or  months  to  “ripen.”  This 


Pinto  XVI.  Atlantic  Portland  Cement  Company’s  mill  at  Stockertown  in  process  of  erection,  sliowins'  a battery  of  twelve 

120  foot  kilns  in  position. 
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Plate  View  of  Mill  H of  the  Lehigh  Portland  Cement  Company  at  Pogelsville. 
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ripening  pioees.s  consists  of  certain  cliemical  changes,  the  most  im 
portant  of  which  is  the  hydration  or  slacking  of  the  relatively  small 
percentage  of  free  lime  almost  invariably  present.  It  may  also  absorb 
a certain  amount  of  carbonic  acid,  the  amount  of  the  absorption  of 
this  gas  depending  upon  the  opportunity  it  has  for  so  doing.  This 
results  in  a slight  lowering  of  the  specific  gravity.  During  a period 
of  six  months  Portland  cement  may  lose  from  4 to  7 per  cent,  of  its 
original  weight  and  then  may  have  a specific  gravity  of  2.9,  but  it 
ought  not  to  fall  below  this.  Should  it  do  so  the  fact  is  usually  in- 
terpreted as  meaning  too  much  uncombined  or  free  lime,  which  may 
mean  either  an  over-limed  or  under-burned  cement.  Other  things 
being  equal,  the  more  thorough  the  burning  the  higher  the  specific 
gravity,  the  maximum'  being  3.15  in  well-balanced  mixtures. 

During  the  entire  process  of  manufacture  a most  careful  watch 
is  kept  upon  the  chemical  composition  of  both  the  raw  and  the  finished 
materials.  Fre(iuent  chemical  analyses  of  average  samples  from  the 
quarry  are  necessary  to  determine  how  much  limestone  or  clay  must 
be  added.  The  mud  from  drill  holes  is  used  as  an  index  of  the  aver- 
age of  the  quarry. 

Natural  or  Rosendale  Cement.  Besides  Portland  cement  a con- 
siderable amount  of  Natural  or  Kosendale  cement  was  formerly  manu- 
factured in  the  Lehigh  region,  but  owing  to  improved  methods  in  the 
manufacture  of  true  Portland  cement,  it  has  been  nearly  or  quite  dis- 
placed by  the  latter.  This  variety  is  made  by  burning  the  rock  just  as 
it  comes  from  the  quarry  in  vertical  kilns  at  a temperature  only  great 
enough  to  drive  off  the  carbonic  acid,  in  the  same  way  that  limestone 
is  burned  in  making  lime,  and  then  pulverizing  the  burned  product. 
The  resulting  “Natural  Cement”  is  quick  setting  but  slow  in  harden- 
ing and  never  attains  the  strength  of  true  Portland.  For  underground 
or  underwater  construction,  where  a rapidly  setting  cement  is  re- 
quired and  where  great  strength  is  not  necessary,  it  may  serve  the 
purpose  quite  as  well  or  possibly  better  than  Portland.  The  amount 
at  present  manufactured,  however,  is  small. 

The  rock  used  in  the  manufacture  of  natural  cement  is  low  in 
lime,  having  usually  not  more  than  60  to  70  per  cent.  CaCOs, 
taken  from  those  beds  in  the  Lehigh  limestone  series  which  lie  well 
up  toward  the  overlying  slates. 

By  mixing  three  parts  of  natural  cement  with  one  of  Portland  an 
intermediate  variety  was  at  one  time  produced  called  “Improved 
Natural  Cement,”  which  is  materially  stronger  than  the  natural. 
This  grade  is  made  by  grinding  together  three  parts  of  the  burned 
natural  cement  rock  and  one  part  of  clinker  from  the  rotary  kilns. 

Puzzolan  Cement.  Puzzolan  cement,  manufactured  by  mixing 
blast-furnace  slag,  with  slaked  lime,  has  been  manufactured  since 
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189()  at  yavioiis  places  in  tlie  United  Slates,  but  its  produclion  is 
on  the  decline,  and  inasmiicli  as  none  is  manufactured  in  the  Lehigh 
District,  no  farther  mention  need  be  made  of  it. 

Slag  Cement.  Slag  cement  is  manufactured  from  a mixture  of 
blast-furnace  slag  and  .limestone.  It  is  in  every  sense  a true  Port- 
land cement,  and  might  be  described  as  a bi-product  of  the  Steel 
industry  of  the  Country.  At  present  it  is  being  produced  by  the 
United  States  Steel  Corporation  at  their  plant  at  Pittsburgh,  Pa., 
in  quantities  large  enough  to  materially  increase  the  total  outimt 
of  the  Country.  The  subsidiary  Company  of  the  Steel  Corporation 
v.djich  manufactures  the  cement  is  known  as  the  Universal  Portland 
Cement  Company. 

TESTING  THE  PROPERTIES  OP  CEMENT. 

It  is  not  alone  sufficient  that  cement  should  come  up  to  the  standard 
as  regards  chemical  composition,  for  it  might  satisfy  all  of  the  con- 
ditions of  a rigid  chemical  examination  and  still  be  faulty  as  a con- 
struction material.  This  might  result  from  an  improper  blending 
of  the  raw  materials  or  from  insufficient  burning,  or  again,  from  im- 
perfect grinding  of  the  clinker. 

In  order  to  be  accounted  thoroughly  safe  and  capable  of  performing 
its  responsible  mission,  it  should  be  made  to  stand  the  following 
tests:  (1)  Setting  properties,  (2)  soundness.  (3)  strength,  (4)  spe- 
cific gravity,  (5)  fineness. 

1.  Setting  Properties. — These,  while  not  of  the  very  first  import- 
ance, are  essential.  There  may  be  and  in  fact  nearly  always  is  con- 
siderable variation  in  the  time  of  set  between  different  brands  of 
cement  or,  for  that  matter,  between  different  samples  of  the  same 
lirand,  one  of  the  difficulties  in  the  manufacture  being  to  bri,ng  this 
variation  within  the  usual  specification  limits. 

Initial  and  Final  Set. — The  setting  time  of  cement  is  commonly 
determined  by  means  of  the  so-called  Gilmore  Needles  (a  method  pro- 
posed by  General  Gilmore,  U.  S.  A.).  The  apparatus  consists  of 
two  vertically  placed  needles  or  wires,  properly  supported  so  that 
Ihey  can  be  raised  and  lowered.  The  larger  of  the  wires  is  one- 
twelfth  inch  in  diameter  and  is  Aveighted  Avith  a one-fourth  pound 
AATight.  The  small  is  one-tAventy-fourth  inch  in  diameter  and  is 
Aveiglited  Avith  a one  pound  weight. 

A i)ortion  of  cement  is  moistened  Avith  just  enough  Avater  (Avhich 
should  have  a tem])erature  of  from  G0°  to  70°  F.  and  which  in  quantity 
Avould  be  about  20  per  cent,  by  Aveight  of  the  sam])le  taken)  to  make 
it  cohere  and  is  then  made  into  a thin  cake  ui)on  a piece  of  AvindoAV 
glass  usually  four  or  Oat  inches  square.  The  cake  or  “pat,”  as  it 
called,  is  about  three  inches  in  diameter  and  one-fourth  inch  thick  at 
the  centre  and  thins  aAvay  at  the  edges.  When  the  pat  Avill  support 


Fig.  3.  Gilmore  needles. 


Fig.  4.  Sound  pat.  Shows  no  cracking  or  curving. 


Fig.  5.  Unsound  pat.  Shows  cracking  or  “blowing.” 
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the  one-twelfth  inch  wire  weiglited  wilh  llie  one-fourth  pound  weight 
it  is  said  to  have  acquired  its  "initial  set,”  and  likewise  when  it  will 
support  the  smaller  needle  with  the  greater  weight  it  has  acquired 
its  ‘“final  set.” 

According  to  standard  specifications,  Portland  cement  must  de- 
velop initial  set  in  not  less  than  tliirty  minutes  but-  must  develoj) 
final  set  in  not  less  than  one  hour,  nor  more  than  ten  hours. 

For  natural  cement  the  iutial  set  should  develop  in  not  less  than 
ten  minutes  and  final  set  in  not  less  than  thirty  minutes  nor  more 
than  three  hours. 

2.  Soundness. — This  is  the  most  important  property  of  Portland 
or  natural  cement,  but  unfortunately  is  perhaps  the  most  difficult 
to  determine  with  absolute  certanity. 

1‘ortlaud  cement  is  considered  sound  or  constant  in  volume  after 
successfully  undergoing  the  following  tests: 

Three  pats  are  made  of  which  one  is  kept  in  air  at  normal  tempera- 
ture and  observed  at  intervals  for  at  least  twenty-eight  days ; the 
second  is  kept  in  water  at  as  near  70°  F.  as  practicable  and  ob- 
served at  intervals  for  the  same  period  of  time.  The  third  is  exposed 
in  an  atmosphere  of  steam  above  boiling  water  in  a loosely  closed 
vessel  for  five  hours.  If  these  pats  at  the  end  of  these  periods  of 
time  remain  hard  and  firmly  attached  to  the  glass  (i.  e.,  do  not  curve 
and  leave  the  glass)  and  show  no  signs  of  distortion,  craking,  cheek- 
ing or  disintegrating,  the  cement  is  pronounced  sound. 

3.  Strength. — The  object  here  is  to  determine  as  accurately  as 
possible  the  strength  which  a given  cement  will  develop  within  a cer- 
tain period  of  time  and  by  comparing  its  increase  of  strength  as 
shown  at  the  different  dates  of  testing,  to  arrive  at  some  conclusion 
as  to  its  ultimate  strength.  For  this  purpose  a weighed  sample  is 
mixed  with  just  enough  water  (usually  about  20  per  cent.)  to  render 
it  plastic  and  then  packed  into  moulds,  which  in  ground  section  are 
sheaf-shaped  and  which  at  the  center  have  a cross-section  of  one 
square  inch.  These  moulded  samples  are  called  ‘“briquettes”  and  a 
single  form  or  mould  usually  holds  five  briquettes.  A great  deal  de- 
pends upon  the  skill  of  the  operator  in  the  making  of  briquettes  and 
in  the  hands  of  difl’erent  operators  a wide  variation  in  results  may 
be  expected.  In  other  words,  the  personal  equation  enters  so  largely 
into  the  problem  that  cement  testing  in  this  particular  phase,  is  in 
a very  unsettled  state,  at  least  in  so  far  as  scientifically  accurate 
and  uniform  results  are  concerned. 

The  briquettes  are  prepared  in  two  ways,  viz. ; by  mixing  pure 
cement  (neat  briquettes) ; or  by  mixing  one  part  cement  with  three 
parts  of  standard  sand,  which  is  a uniform  article  especially  pre- 
pared for  the  purpose  (sand  briquettes). 
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The  briquettes  thus  made  are  allowed  to  set  one  day  (twenty-four 
hours)  in  moist  air  and  after  that  are  immersed  in  water.  At  periods 
of  one,  seven  and  twent3'-eight  days  they  are  broken  by  tension  in 
machines  especially  constructed  for  that  purpose  (of  which  the  most 
common  in  use  are  the  Fairbanks,  the  Olsen  and  the  Eiehle)  and  the 
tensile  strength  in  pounds  per  square  inch  determined.  The  mini- 
mum strength  required  in  order  to  satisfy  the  usual  standard  speci- 
fications, which  strength  must  never  show  serious  relrogi'ession, 
may  be  expressed  as  follows: 


NEAT  CEMENT. 


Age. 

1 day  (in  moist  air), 

7 days,  

28  days,  


Strength  per  S<i.  in. 
. . 150-200  pounds. 

450-550  pounds. 
. . 550-650  pounds. 


1 Part  Cement,  3 Parts  Sand. 


Age.  Strength  per  Sq.  in. 

1 day,  150-200  pounds. 

28  days,  200-300  pounds. 


The  following  table  gives  au  idea  of  the  relative  strength  of  Port- 
!and,  improved  natural  and  natural  cement. 


1 

Day. 

7 

Days. 

28 

Days. 

3 

Mos. 

6 

llos. 

1 

Year. 

2 

Years. 

.300 

730 

840 

875 

895 

900 

920 

lUO 

230 

360 

450 

560 

620 

85 

130 

190 

305 

350 

380 

415 

PnrMnnH  fl  * ...  

300 

400 

450 

480 

605 

500 

220 

360 

540 

670 

680 

715 

65 

115 

210 

265 

275 

290 

As  will  be  observed  in  the  second  table,  improved  cement  shows 
a greater  actual  strength  when  mixed  with  sand  than  when  mixed 
neat. 

According  to  standard  specifications  natural  cement  must  show  a 
minimum  strength,  with  no  retrogression  of  the  same,  as  follows: 


NEAT. 

Age. 

1 day,  

7 days,  

28  days,  


Strength  per  Sq.  in. 

50-100  pounds. 
. . 100-200  pounds. 

, . 200  300  pounds. 


Fig.  G.  Brass  moulds  used  in  making  briquettes. 


Fig. 


7.  Bri(iu('tte  before  and  after  breaking. 
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1 Tart  Cement,  3 Parts  Sand. 


Age.  Strength  i)er  Sq.  in. 

1 day,  25-75  pounds. 

28  days,  75-150  ponnds. 


The  chemical  composilion  of  Portland  cement  is  obviously  of  the 
utmost  importance.  A carefnl  and  extended  study  of  the  tensile 
strength  of  cement  when  compared  with  its  chemical  composition 
has  resulted  in  a high  degree  of  accuracy  and  efticiency  in  the  manu- 
facture of  the  article.  It  has  been  previously  stated  that  the  cliemi- 
eal  composition  of  the  raw  mixture  is  of  vital  importance  and  that 
the  amount  of  carbonate  of  lime  in  the  mixture  should  he  between 
73  and  74  per  cent,  of  the  total.  Experience  shows  that  a i-aw  mix- 
ture carrying  73.8  ])er  cent,  of  lime  carbonate  will  make  a cement 
carrying  approximately  02.5  ])er  cent,  of  lime  (CaO)  and  that  the  best 
(strongest)  cements  have  about  this  proportion  of  lime.  But  the 
lime  is  of  no  more  importance  than  the  other  ingredients,  viz.;  the 
silica  (SiO,),  Alumina  (AI2O3)  and  the  iron  (FeaGA  which  are  the 
constitntents  of  the  clayey  ingredient  of  the  raw  mixture.  The  rela- 
tion of  these  various  molecules  or  constituents,  i.  e.  the  Silica,  the 
oxide  of  iron,  the  oxide  of  alumina,  and  the  oxide  of  lime,  can  best  be 
expressed  in  ratios,  and  of  these  there  are  two  which  must  he  watched 
most  carefully.  The  first,  is  the  ratio  of  the  Silica  to  the  Alumina, 

■ determined  by  dividing  the  percentage  of  the  Silica  (SiOo)  in  the 
cement,  by  the  percentage  of  Alumina  (AlgOg)  which  it  contains. 
This  is  known  as  “The  index  of  activity”  for  the  reason  that  this 
ratio  largely  determines  the  quick  or  slow  setting  nature  of  the 
cement,  and  also  in  part  its  ultimate  strength.  The  second  is  the 
ratio  of  the  lime,  to  the  Silica,  Alumina  and  iron,  and  is  determined 
by  dividing  the  percentage  of  lime  (CaO)  in  the  cement,  by  the  sum 
of  the  percentages  of  the  Silica  (SiOg),  Alumina  (AloOg)  and  iron 
(FejOg).  This  ratio  is  known  as  the  “Lime  ratio.”  The  effect  of 
the  two  ratios,  i.  e.  the  bearing  of  the  relative  amounts  of  these 
different  constituents,  on  the  strength  or  cementitious  value  of  the 
cement,  is  best  illustrated  by  the  following  table,  which  com])ares 
the  chemical  composition  of  twelve  different  sam])les  of  Poi-tland 
cement  with  their  tensile  strength.  For  this  table  the  author  is  in- 
debted to  Mr.  Eichard  K.  Meade,  General  IManager  of  the  Tidewater 
Portland  Company,  who  has  an  international  reputation  as  a cement 
chemist. 


TABLE  SHOWING  THE  EFFECT  OF  CHEMICAL  COMFOSITION  ON  TENSILE  STRENGTH. 
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A comparison  of  cements  A,  !>,  C,  I),  E and  F will  show  the  relation 
between  the  relative  percentages  of  silica  and  alumina  to  the  tensile 
strength.  While  a comparison  of  cements  (1,  11,  1,  J,  K and  L will 
show  the  relation  between  the  relative  percentage  of  lime  on  the  one 
hand  and  of  silica  iron  oxide  and  alumina  on  the  other  to  the  tensile 
strength.  It  will  be  seen  that  the  best  results  are  obtained,  Avheii 
the  ‘'index  of  activity”  is  ‘2.7  to  11,  that  is,  when  the  cement  carries 
from  20  to  21  per  cent,  of  silica  and  7.3  to  7.(5  per  cent,  alumina;  from 
02  to  03  ijer  cent  of  lime;  and  when  the  “lime  ratio”  stands  obout 
2.00;  that  is  when  the  cement  contains  about  20  per  cent  silica,  7.3 
to  7.0  ])er  cent  alumina,  and  02.5  to  03.5  per  cent  lime.  AVheu  either 
one  or  both  of  these  ratios  exceed  or  fall  below  these  amounts,  as  for 
example  in  I),  E and  K,  L,  the  loss  in  siuength  is  coiisidei’able. 

4.  Specific  Gravity. — The  specific  gravity  of  Fortland  cement  has 
already  been  referred  to  and  as  stated  should  not  fall  below  3.1.  For 
natural  cement  2.8  is  the  minimum. 

5.  Fineness. — Standard  specifications  require  that  Portland 
cement  must  be  ground  to  a fineness  such  that  it  will  leave  by  weight 
a residue  of  not  more  than  8 per  cent,  on  a 100-mesh  sieve. 

The  same  regulations  require  that  natural  cement  shall  leave  a 
residue  of  not  more  than  10  i)er  cent,  on  a 100  luesh  sieve  and  not 
more  than  30  per  cent,  on  a 200-mesh  sieve. 


PPtODUCTION  OF  POPTLANl) 
TlilCT  COMPAKEl)  WITH 
POliTLAND  AND  OTHER 
STATES. 


CEMENT  IN  THE  LEHIGH  DIS- 
THE  TOTAL  PRODUCTION  OF 
CEMENTS  IN  THE  UNITED 


The  Lehigh  District  'which  was  the  cradle  of  the  Portland  Cement 
industry  in  the  United  States,  was  for  many  years  the  chief,  in  fact 
the  only  producer  of  the  article,  and  it  is  here  that  most  of  the 
problems  connected  with  its  manufacture,  such  as  the  perfecting  of 
the  process  and  devising  ways  for  greater  economy  in  i^roductiou,  have 
been  solved.  The  following  facts  with  regard  to  the  production  of 
cement  in  the  United  States  have  been  taken  from  “Mineral  Resources 
of  the  United  States”  for  the  year  1908,  as  given  in  the  excellent  article 
by  Edwin  C.  Eckel  of  the  U.  S.  Geological  Survey,  in  which  he  gives 
a summary  of  the  conditions  of  the  industry  for  that  year. 

The  birth  of  the  Portland  Cement  industry  in  the  United  States,  as 
above  stated,  dates  from  the  year  1879.  From  1880  to  1883,  less  than 
100,000  barrels  of  cement  were  manufactured  yearly,  beginning  with 
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42,000  barrels  iu  ISSO.  From  1884  to  1890  llie  i)rodiiclion  increased 
from  100,000  to  335,500  barrels.  Between  1890  and  1895  the  produc- 
tion steadily  increased  to  990,324  or  nearly  a million  barrels.  Since 
then  the  increase  has  been  somewhat  ithenomenal,  culminating  in  1908 
with  51,072,912  barrels. 

During  most  of  the  time  from  the  inception  of  the  industry  to  the 
present,  the  Lehigh  District  has  been  the  chief  producer.  But  for  the 
past  ten  years  the  development  of  the  industry  in  olher  states,  notably 
New  York,  Ohio,  Michigan,  Indiana,  Illinois,  Kansas  and  Missouri,  to 
say  nothing  of  other  States  farther  West,  has  so  distributed  the  ])ro- 
duction  that  the  Lehigh  District  to-day  produces  less  than  one-half  of 
the  total  output  of  the  United  States.  Previous  to  the  year  1908  the 
Lehigh  District  produced  annually  from  50  to  75  ])er  cent,  of  all  the 
I’ortland  Cement  made  in  this  Country  except  for  the  years  1905  and 
190G,  when  it  produced  49  per  cent.  And  for  the  first  time  in  1908  it 
took  a backward  step,  failing  by  4,217,299  barrels  of  reaching  the  pre- 
vious year’s  record.  The  accompanying  table  compares  the  total 
annual  production  of  Portland  Cement  in  the  United  States  with  that 
of  the  Lehigh  District,  during  the  interval  1890-1908.  It  also  shows 
the  decline  in  the  production  of  Natural  Cement  and  the  steady  and 
rather  remarkable  growth  in  the  production  of  slag  cement,  which 
last  item  accounts  for  all  of  the  increase  in  production  of  the  United 
States  for  the  year  1908.  Slag  Cement  is  apparently  a factor  to  be 
reckoned  with  in  the  future. 
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Figure  8.  Diagram  showing  the  total  production  of  I’ortland  ('emeut  in  the  United 
States  in  barrels,  (line  A.),  as  compared  with  that  of  the  Lehigh  District,  (line 
R.) , also  amount  of  Slag  Cement,  (line  C.)  and  Natural  Cement,  (line  D.).  Line 
A includes  amounts  represented  by  lines  B and  C. 
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This  table  was  compiled  from  the  report  of  Mr.  Eckel  above  referred 
to. 


TABLE  SHOWING  TOTAL  AMOUNT,  IN  BARRELS,  OF  PORTLAND, 
NATURAL  (ROSENDALE)  AND  SLAG  CEMENTS'  MADE  IN  THE  UNITED 
STATES  FROM  1890  TO  1908 ; ALSO  COMPARATIVE  AMOUNT  OP  PORT- 
LAND CEMENT  MANUFACTURED  IN  THE  LEHIGH  DISTRICT  DURING 
THAT  PERIOD. 


1690,  

1891,  

1892,  , 

1893,  

1894,  - 

1895,  — , 

1896,  — — . 

1897,  — •- 

1898,  - 

1899,  - 

1900,  

1901,  - 

1902,  - — 

1903,  — - 

1904 - 

1905,  — 

1906,  - — , 

1907,  - 

1908 


o 

P. 

« 

4^ 

O 


« P 

a. 2 


t:  3 

o'O 


335,500 

201,000 

60.0 

454,813 

248,500 

54.7 

547,440 

280,840 

51.3 

590,652 

265,317 

44.9 

798,757 

485,329 

60.8 

990,324 

634,276 

64.0 

1,543,023 

1,048,154 

68.1 

2,677,775 

2,002,059 

74.8 

3,692,284 

2,674,304 

72.4 

5,652,266 

4,110,132 

72.7 

8,482,020 

6,153,629 

72.6 

12,711,225 

8,595,340 

67.7 

17,230,644 

10,829,922 

62.8 

22,342,973 

12,324,922 

55.2 

26,605,881 

14,211,039 

53.7 

35,246,812 

17,368,687 

49.3 

46,463,424 

22,784,613 

49.0 

48,785,390 

24,417,686 

50.0 

51,072,612 

20,200,387 

39.6 

7,082,204 

7,451,535 

8,211,181 

7,411,815 

7,563,488 

7,741,077 

7,970,450 

8,311,688 

8,418,924 

9,868,179 

8,383,519 

7,084,823 

8,044,305 

7,030,271 

4,866,331 

4,473,049 

4,055,797 

2,887,700 

1,686,682 


32,443 

164,316 

318,710 

462,930 

473,294 

1,735,343 

2.076.000 

2.129.000 
4,535,300 


The  accompanying  diagram  is  intended  to  show  graphically  four 
ihings,  viz.;  1st:  the  phenomenal  growth  of  the  Portland  Cement  in- 
dustry in  tJie  United  States,  starting  with  a production  of  42,000 
barrels  in  1880  and  culminating  with  51,072,612  barrels  in  1908.  The 
rapid  increase  in  the  number  of  cement  plants  in  the  Lehigh  District, 
is  chiefly  responsible  for  the  impetus  acquired  by  the  industry  during 
liie  period  1896-1905.  Since  1905  but  four  new  cement  plants  have 
been  built  within  the  Lehigh  District,  and  the  increase  in  total  pro- 
duction has  been  due  to  the  development  of  the  industry  in  other 
States  of  the  Union  and  to  the  rapid  increase  in  production  of  slag 
cement,  of  which  the  Universal  Portland  Cement  Company  at  Pitts- 
burg, a subsidiary  company  of  the  United  States  Steel  Corporation, 
is  at  present  the  only  producer.  2nd : The  decreasing  importance  of 
the  Lehigh  District,  due  largely  to  the  rapid  development  of  the  in- 
dustry elsewhere  throughout  the  United  States.  So  far  as  abundance 
and  character  of  materials  are  concerned,  to  say  nothing  of  geographic 
position,  the  Lehigh  District  will  probably  always  have  an  advantage 
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over  any  other  section  of  the  country.  3rcl:  The  decline  in  the  manu- 
facture of  Natural  (itosendale)  cement  owing  to  a perfecting  of  the 
process  in  the  manufacture  of  Portland  cement,  for  which  the  intro- 
duction and  increase  in  length  of  the  rotary  kiln  is  largely  responsible, 
thus  making  it  possible  to  manufacture  Portland  cement  as  cheap  or 
more  cheaply  than  natural  cement.  4th:  The  appearance  and  rapid 
growth  in  the  production  of  slag  cement.  This  grade  of  cement  is 
in  all  respects  true  Portland  cement  and  is  undoubtedly  a factor  to 
be  seriously  considered  in  the  future  development  of  the  industry. 
Pmginning  with  32,443  barrels  in  1900,  its  production  rapidly  increased 
To  4,535,300  in  1908.  It  Avas  the  increase  in  this  particular  kind  of 
cement  Avhich  sustained  the  strongly  aspiring  line  representing  the 
total  ]>r()duction  of  ihe  United  States  for  the  years  1907  and  1908. 
For  the  sake  of  comparison,  hoAvever,  a separate  line  Avas  plotted, 
shoAving  llie  rajdd  groAvth  in  production  of  this  neAV  kind  of  cement. 


PRICE  OF  CEMENT. 

The  improvement  in  the  process  of  manufacture,  resulting  in  a 
great  reduction  in  the  actual  cost  of  inauTTfacture,  together  Avith  the 
enormous  increase  in  production,  has  resulted  in  the  inevitable  and 
steady  fall  in  the  market  price  of  the  article.  The  attending  diagram, 
Avhich  Avas  also  taken  from  Mr.  Eckel’s  article  in  “Mineral  Eesources 
of  the  United  States,”  1908,  shoAA-s  a rapid  general  decline,  Avith 
several  alternating  bullish  and  bearish  tendencies,  beginning  with  a 
maximum  of  .f;3.00  ])6r  barrel  in  1880  and  reaching  low  AAmter  mark 
of  |.85  ])er  barrel  in  1908, 


Figure  9.  Diagram  showing  decrease  in  average  price  per  barrel  of  Portland  Cement 

from  1880  to  liW8. 
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DIRECTOKY  OP  COMPANIES  MANUFACTURING 


I’ORTLAND  CEMENT.a 


Operator, 

Office. 

Works. 

Allentown  Portland  Cement  Com- 
pany, J.  W.  Fuller,  Jr.,  Managing 

693  Allentown  Bank  Building, 
Allentown,  Pa. 

Evansville,  Pa. 

Director. 

First  National  Bank  Building, 

Martins  Creek,  Pa. 

Alpha  Portland  Cement  Company, 

A.  F.  Gerstell,  General  Manager. 

Easton,  Pa. 

Alpha,  N.  J. 

Manheim,  W.  Va. 

American  Cement  Company,  J.  W. 

Egypt,  Pa..  — 

Egypt,  Pa. 

Eckert,  Manager. 

356  Mills  Building,  San  Fran- 
cisco, Cal. 

Stockertown,  Pa. 

Atlantic  Portland  Cement  Company, 

Atlas  Portland  Cement  Company, 

Northampton,  Pa.,  or  30 

Coplay,  Pa. 

H.  J.  Seaman,  General  Supt. 

Broad  St.,  N.  Y. 

Northampton,  Pa. 
Hannibal,  Mo. 

Bath  Portland  Cement  Company, 

Bath,  Pa.,  — 

Bath,  Pa. 

F.  K.  Frank,  Superintendent. 

Allentown,  Pa. 

Blanc  Stainless  Cement  Company,  J. 

Allentown,  Pa.,  - 

M.  Carrere,  Manager. 

Egypt,  Pa. 

Central  Cement  Company,  John  W. 

Egypt,  Pa.,  

Eckert,  Superintendent. 

Box  177,  Pittsburg,  Pa.,  

Pittsburg,  Pa. 

Clinton  Portland  Cement  Company, 

C.  W.  Friend,  Manager. 

409  Woolworth  Building,  Lan- 
caster, Pa. 

Conestoga  Portland  Cement  Com- 
pany, J.  W.  Williams,  President. 
(Plant  in  process  of  erection.) 

Lancaster,  Pa. 

Coplay  Cement  Manufacturing  Com- 

Philadelphia,  Pa 

Coplay,  Pa. 

pany,  Charles  W.  Sarger,  GeBeral 
Manager. 

Crescent  Portland  Cement  Company, 

Wampum,  Pa.,  - — — 

Wampum,  Pa. 

W.  H.  Hughes,  Manager. 

Nazareth,  Pa.,  

Nazareth,  Pa. 

Dexter  Portland  Cement  Company, 

James  Brobston,  Managei. 

Tenth  and  Sansom  Streets, 
Philadelphia,  Pa. 

International  Portland  Cement  Com- 
pany, Joshua  Hunt,  General  Man- 

Elizabeth,  N.  J. 

ager. 

Lawrence  Portland  Cement  Company, 

1 Broadw.ay,  N.  Y.,  

Siegfried,  Pa. 

J.  S.  VanMiddleworth,  Secretary. 

Young  Building,  Allentown, 

Lehigh  Portland  Cement  Company, 

Fogelsville,  Pa. 

Joe  Barr,  Superintendent. 

Pa. 

Omrod,  Pa. 

West  Coplay,  Pa. 
Wellston,  0. 

Mitchell,  Ind. 

Nazareth  Cement  Company,  J.  A. 

Nazareth,  Pa.,  

Nazareth,  Pa. 

Horner,  (Jeneral  Manager. 

New  Castle  Portland  Cement  Com- 
pany, E.  F.  Norris,  Manager. 

New  Castle,  Pa., 

New  Castle,  Pa.  (Hick- 
ory Township). 

Northampton  Portland  Cement  Com- 

Stockertown , Pa.,  

Stockertown,  Pa. 

pany,  H.  A.  Shaefer,  Receiver. 

Commonwealth  Building,  Al- 

Penn-Allen  Portland  Cement  Com- 

Penn-Allen  (near  Naza- 

pany,  W.  E.  ErdeU,  General  Man- 

icntown.  Pa. 

reth).  Pa. 

ager. 

28  Cortlandt  St.,  N.  1'.,  

Pennsylvania  Cement  Company,  H. 

Bath,  Pa. 

L.  Shock,  Superintendent. 

Phoenix  Cement  Company,  G.  F. 

■Jazareth,  Pa 

Nazareth,  Pa. 

Lindenmeyer,  Superintendent. 

Reliance  Cement  Company,  J.  W. 

Egypt,  Pa.,  ...  . - 

Egypt,  Pa. 

Eckert,  Manager. 

Sandusky  Portland  Cement  Com- 

Sandusky,  0 — 

York,  Pa. 

pany,  S.  B.  Newberry,  Manager. 

Shenango  Portland  Cement  Com- 
pany. 

Young  Building,  Allentown, 
Pa. 

New  Castle,  Pa. 

Stewart  Iron  Company,  Samuel  Me- 

Sharon,  Pa.,  

Sharon,  Pa. 

Clure,  General  Manager. 

Universal  Portland  Cement  Company, 
Edward  Hagar,  President. 

Commonwealth  National  Baik 
Building,  Chicago. 

Pittsburg,  Pa. 

Vindex  Portland  Cement  Clompany, 

Baer  Building,  Reading,  Pa.,.. 

Molltown,  Pa. 

Henry  Ahrens,  President.  (Leased 
by  Allentown  Company.) 

Whitehall  Portland  Cement  Com- 
pany, W.  E.  Erdell,  Superintend- 

172?  Land  Title  Building,  Phil- 
adelphia, Pa. 

Cementon,  Pa. 

ent. 

a This  list  includes  not  only  those  of  the  Lehigh  District  but  of  the  entire  State. 
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TOPOCIIAPMjC  and  geologic  'mmisSiONERS 

GEOfiOEWMcMEES.ANOREWSMcCREATH  C y Oi.VILLIt-HS  COM«l.o(ONLHb 

niCHAHO  R.HICe.  STATE  nr^OGiST 


1. 

Alpha  Portland  Cement  Oo.,  MliiSiNcB.  1 and  2 

• A!phi.N.J. 

2. 

Mili<f^ca.SandiMart!n’»Creek,P8. 

1 

Americtn  Portland  Cement  Cft.  Centres  Mill 

• Egypt;  Fa. 

4. 



• Egypt.  Pfl. 

•5. 

Atlflnisc  Portland  Cement  CcL, 

• • • StecStertown,  Pn. 

6. 

Atlas  Portland  Cement  Co,  M!»i*  L 2 aad  S,  Norttesnptcn,  Pa. 

7. 

'•  '•  " ••  HefC'JSa  Mill  • 

Copley.  Pa, 

3. 

Itaih  Portland  Cement  Co, 

• Bath,  Pa. 

9, 

Bennevilie  Portland  Cement  Co. 

Slesfrled,  Pa. 

19. 

Copiny  Cement  Mnnufsclurir,?  < 

,0.  . . 

Coplay,  PS, 

11. 

E>extc.-  I'Ortland  Cement  Co.  • 

Naiareth,  Pa. 

12. 

Edison  Portland  Cement  Co.  • 

• • StewBrtsvilic,  N.  J. 

In  r«0R«  4 

eractlon 

GEOLOGIC  MAS-' 

OF  PAKTS  OF 

LEHIfiHAND  NORl'IlAMP'rOX  ('OlLVl'!!.:S  I'A. 

Showing  the  distribution  of  tha  Materials  used  in  the  Manufacture  of 

PORTLAND  GErVIENT 

ALSO  THE  OCCURRENCE  OF 

SERPENTiNE  AND  TALC 

By  FitBiiKHK’K  B.PltCK 


S!  LUiilAN  OH  DO  VI  Cl  AN 

(ii'ilH  ''"'I'liniMos'iuvKii'/''*'  I<''lii6li  I.iini-rtUju 

N’liKiii'i'lii  I.iiiiestonf  <Si'  Cojiliiy  LimcHtom- 

CA  M DHIAX 

AHesilo-wii  I.iiiU‘HU!n<-‘ | A.c^pj  HardyHlori  Quartziii-  | Ch  ] 

PRKCAMBin/XX 

SfTjK'ntinn  n-.tis  T«!r  (S  nnrl  friTiriili- 


13.  Lawrencf  Cemml  Co. 

U Lehigh  Finland  Cement  Co..  Mill  B 

" - - - MilliA.D 

•®-  “ - 

17  Nazarelh  Cement  Co. 

18.  Northampton  Honland  Cemer.t  Co. 

19  Henn  Allen  Portland  Cement  Co. 

20.  Pennsylvania  Cement  Co 

21.  Phoenix  Portland  Cement  Co. 

*22.  Quaker  Portland  Cement  Co. 

23.  Vulcanite  Portlaod  Cement  Co. 

24.  Whitehall  Portland  Cement  Co. 


■ Siegfried, 

''w  Coplay.  Px 
• fknrod.Pa. 

• • fogeisville.  Pa. 

• • S'azarelh.  Pa. 

• Pa. 

• ■ ■ Bath.  Pa. 

- • • Bath.  Pa. 

• N*ar«h.Pa. 
Seadt's  Eddy,  Px 

• Vjicaniie  S J. 

Cemenion,  Px 


Noi'niitl  iltmiiilitrios  — Fault.-.  - 

ApproxinuiU;  15(niii(Jnii(‘H  — - — 


Plate 


J3. 

Liwrencc  Cement  Co. 

14. 

Lehigh  Portland  Cement  Co,.  Mill  D • 

Weal  Copley,  Pn. 

15. 

” " " " Mills  A.  D and  F . Omrod.  Pa. 

16. 

Mill  H - 

• Fogelsville,  Pa. 

17, 

Noiarcth  Cement  Co. 

Nazareth,  (ht 

18. 

Northampton  Portland  Cement  Co, 

Slockcrtown.  Pa. 

19. 

Penn  Allen  Portland  Cement  Co.  • • 

• • Bath,  1*8, 

20. 

Pennsylvania  Cement  Co.  • • • • 

• - Bath.  Pa. 

21. 

E’hoenix  Portland  Cement  Co. 

■ Nazareth,  Pa. 

•22. 

Qnaker  Portland  Cement  Co. 

Sandfs  Eddy.  Pa. 

21 

Vulcanite  Portlaad  Cement  Co. 

• Vulcanite,  N.  J. 

24. 

Whitehall  Portland  Cement  Ca  - • 

• Cementon,  E’a. 

*PItnu  In  tWTr—  of  (ration 

PoMsiliU?  Faults 


